Appln. No. 10/620,621 
Amdt. dated April 25, 2007 

Reply to Office action of October 25, 2006 

REMARKS 

Claims 1-15 presently appear in this case. No claims 
have been allowed. The official action of October 25, 2006, has 
now been carefully studied. Reconsideration and allowance are 
hereby respectfully urged. 

Briefly, the present invention relates to the use of 
certain synthetic peptides for the treatment of systemic lupus 
erythematosus (SLE) . The synthetic peptides are based on a 
complementarity-determining region (CDR) of the heavy or light 
chain of a pathogenic anti-DNA monoclonal antibody that induces 
a SLE-like disease in mice, or a salt or derivative thereof, as 
well as dual synthetic peptides and peptide polymers based 
thereon . 

It has been noticed that the substitute specification 
submitted on October 1, 2004, inadvertently failed to include 
the amendments to the specification made in the Preliminary 
Amendment filed July 17, 2003. Accordingly, the present 
amendment amends the substitute specification to put it in the 
form of the originally filed specification as amended on July 
17, 2003. 

Claims 1-15 have been rejected under 35 U.S.C. 112, 
first paragraph, as containing subject matter that was not 
described in the specification in such a way as to reasonably 
convey to one skilled in the art that the inventor had 
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possession of the claimed invention. The examiner considers 
that there is insufficient written description with respect to 
the peptide ^^reaction product thereof with an organic 
derivatizing agent capable of reacting with selected side chains 
or terminal residues, which reaction product retains at least a 
portion of the function of the peptide to inhibit specifically 
the proliferative response in cytokine secretion of T 
lymphocytes of mice that are high responders to SLE-inducing 
autoantibodies.'' The examiner states that there is sufficient 
reason to doubt that any peptides, let alone derivatives, 
meeting the limitations of the claims exist. The examiner 
states that given the disclosure of no examples of the 
derivatives employed in the claimed method, one of skill in the 
art would conclude that the specification fails to disclose a 
representative number of species to describe the claimed genus. 
This rejection is respectfully traversed. 

As will be discussed below with respect to the 
enablement rejection, there is sufficient evidence to establish 
that peptides of the present invention function as disclosed. 
As to the derivative language, this is the exact same language 
that this same examiner approved during the prosecution of 
08/913,994, the parent application of the present application, 
which issued as patent no. 6,613,536. The law has not changed 
between 2003 and 2007, nor has the examiner, nor has the 
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specification. Accordingly, if the derivative language was 
acceptable in 2003, it should still be acceptable now. 

As to the examiner' s statement that the claims 
encompass the use of a genus of derivatives that might include 
no peptides or that might be essentially unlimited, this 
statement is not understood. The claim language is based on the 
definition of the term ^^chemical derivative" appearing in 
paragraph [0035] of the present specification. The definition 
does not involve changing amino acids, but merely derivatizing . 
All of the chemical derivatives have the specified amino acid 
formulas and therefore it is clear that the inventors were in 
possession of such derivatives at the time the invention was 
made. Claim 1 does not read on all analogs that retain at least 
a portion of the function of the peptide, but only on reaction 
products of the peptide having the specified sequence with an 
organic derivatizing agent that reacts only with selected side 
chains or the terminal residue of the peptide and, thus, does 
not change its basic sequence. Such derivatization is commonly 
done in the preparation of pharmaceuticals from peptides and it 
is believed inequitable for the examiner to require applicants 
to dedicate to the public such minor derivatization of the 
peptides of the present invention, particularly if those 
peptides are considered otherwise to be allowable. The examiner 
has not objected to the ^^salts" as also claimed. What is the 
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difference between an acid addition salt of a peptide and 
another organic derivatization of a side chain or terminal 
residue of a peptide? Just as salts have been considered to be 
acceptable, so should reaction products as now claimed in claim 
1. 

It is assumed that this rejection has been made as it 
is tied in with the enablement rejection and if the enablement 
rejection can be overcome, then the written description 
rejection will be overcome. Accordingly, for the reasons 
discussed below with respect to the enablement rejection as well 
as to reasons presented herein, reconsideration and withdrawal 
of this rejection are respectfully urged. 

Claims 1-15 have been rejected under 35 U.S.C. 112, 
first paragraph, as failing to comply with the enablement 
requirement. The examiner states that the specification 
provides insufficient evidence that the claimed method would 
effectively treat SLE . The examiner states that while the 
mechanism of action for the method of the instant claims is not 
disclosed, it appears to require inducing tolerance to self 
peptides as part of a treatment for an autoimmune disease. The 
examiner cites anecdotal references to cases where success in 
animal models designed for tolerance induction did not work with 
human clinical trials, and the examiner cites one instance where 
a clinical trial was suspended due to adverse reactions. Thus, 
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the examiner concludes that in view of the quantity of 
experimentation necessary, the lack of sufficient guidance in 
the specification, the lack of sufficient working examples, the 
unpredictability of the art, and the breadth of the claims, it 
would take undue trial and error to practice the claimed 
invention. This rejection is respectfully traversed. 

First, the examiner is incorrect in stating that 
altered peptide ligands (APLs) of self peptides are employed in 
the present invention. The present invention is not an APL, it 
is a region of a CDR of an antibody. Thus, one cannot predict 
that the present invention will fail in clinical trials for the 
same reason as the failed mechanisms of the references cited by 
the examiner. 

The examiner states that a review of the instant 
specification shows no induction of tolerance and that the 
examples involve only the use of three CDR-derived peptides in 
in vitro proliferation assays. The examiner states that the 
inventors apparently conclude that tolerance was induced given 
reduced proliferation, but that this minimal evidence comprises 
an insufficient showing that the claimed method can effectively 
treat SLE without stimulating an immune response. 

To the contrary, however, the present specification 
has examples that teach more than what the examiner speaks of. 
Example 7 shows that mice are tolerized by means of the present 
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invention. This example was published in the Waisman et al . 
paper, PNAS 94:4620-4625 (1997), a copy of which is attached 
hereto. Newborn mice were tolerized with peptide la or a 
control peptide. Later, the mice were immunized with mAb 5G12, 
which is known to induce SLE in mice upon immunization. Later, 
the sera of the mice were tested for the presence of anti-DNA or 
anti-NE antibodies, which are indicative of an immune response 
to the immunization by the monoclonal antibody 5G12. It was 
shown that the autoantibody titers in the sera of the 
experimental mice that were tolerized with peptide la were not 
significant with respect to either DNA or nuclear extract 
antigens, whereas the mice tolerized to control peptide prior to 
their immunization with this antibody, produced high 
autoantibody titers. Thus, this experiment is more than just a 
proliferation test, but is an actual antibody test that 
indicates that neonatal tolerization with the peptide la could 
lower levels of autoantibodies in the sera of mice later 
immunized to produce SLE. 

Examples 8 and 9 are proliferation tests. In Example 
8, the mice were immunized with peptides la and Ilia in CFA. In 
Example 9, they were immunized with mAb 5G12 in CFA. In both of 
the examples, those mice were treated with the same peptides in 
PBS. This effectively is a tolerizing administration. When 
lymph node cells were later taken from these mice, the ones that 
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were not treated with the peptide in PBS proliferated in the 
presence of the antigen. However, the lymph node cells from the 
mice that had been treated showed that such proliferative 
responses were greatly inhibited. This confirms, in T-cells, 
tolerization shown with antibodies in Example 7. 

In Example 10, the specification shows that these 
results are relevant to the human antibody. In Example 10, the 
mice were immunized with human mAb 16/6 Id in CFA and then were 
treated with either peptide la or Ilia in PBS. The same type of 
proliferation of lymph node cells was found in the control mice 
as was found in Examples 8 and 9, and the same type of 
inhibition of such proliferation was found in the treated mice. 
This shows that the peptides of the present invention were also 
effective in tolerizing against the human antigen. 

This data in the specification does indeed show that, 
whatever the mechanism, there are results that are consistent 
with the induction of tolerance. The results are more than in 
vitro proliferation assays as they involve actual in vivo 
tolerization of mice; only the test results are conducted in 
vitro. It also involves more than reduced proliferation, which 
is significant, but it also reduced antibody production. This 
is more than minimal evidence and is a sufficient showing to 
establish that applicant is not merely proposing an unproved 
hypothesis or engaging in a "respectable guess." Indeed, such 
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experimentation was considered significant enough to warrant 
publication in PNAS, which is a major journal. 

Subsequent experimentation has confirmed the results 
that are in the specification. Thus, for example, Eilat et al . , 
J. Clin. Immunol. r 20:268-278 (2000), copy attached, shows that 
in a mouse model for spontaneous development of SLE, the 
development is inhibited by tolerization with the peptides in 
accordance with the present invention. The Zinger et al . paper. 
International Immunology, 15:205-214 (2003), copy attached, uses 
the same mouse model of spontaneous SLE but treats the mice 
after development of symptoms, after the disease is already 
established. The ameliorating effect of the CDR based peptides 
of the present invention was shown. In Fig. 2 it was actually 
shown to ameliorate the kidney disease caused by SLE, which is a 
very significant result. In Eilat et al . , PNAS , 98:1148-1153 

(2001) , copy attached, the results of treatment by means of the 
present invention of mice whose SLE was induced by the human 
16/6 Id antibody, show that such SLE could be treated using the 
peptides of the present invention. Brosh et al . , Autoimmunity , 
211-219 (2002), copy attached, establishes that administration 
of pCDR3 to mice immunomodulated an established experimental 
SLE. In Sthoeger et al . , Clin. Exp. Immunol. 131:385-392 

(2003) , copy attached, pCDRl and pCDR3 of both murine and human 
anti-DNA antibodies were shown to immunomodulate SLE-associated 
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responses of PBL (peripheral blood lymphocytes) of SLE human 

subjects. The Summary on page 385 concludes: 

Over all, the results of our study demonstrate 
that the CDR-based peptides are capable of 
down-regulating in vitro autoreactive T cell 
responses of PBL of SLE patients. 

The examiner has cited Rasmusson v. SmithKlein Beecham 
Corp., 75 USPQ2d 1297, 1302 (Fed. Cir. 2005) for the proposition 
that enablement cannot be established unless one skilled in the 
art would accept without question an applicant's statements 
regarding an invention, particularly in the absence of evidence 
regarding the effect of a claimed invention. Without proof, 
mere plausibility would be the test and applicants could obtain 
rights to inventions consisting of little more than respectable 
guesses as to the likelihood of their success. However, as 
discussed above, the present specification is not simply a 
"respectable guess." Applicant's statements regarding the 
invention are supported by substantial proof using several 
different mechanisms and several different CDRs . Furthermore, 
the substantial literature from the laboratory of the present 
inventors in highly respected journals shows that the statements 
made in the present specification are not just lucky guesses but 
are the result of substantial academic research and 
experimentation . 

With respect to the examiner' s reference to problems 
noted in clinical trials relating to APLs, those of ordinary 
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skill in the art understand that the failure of a clinical trial 

does not necessarily mean that experimental results cannot be 

expected to be transferred to humans. For example, attached 

hereto is a press release from the National Institutes of 

Neurological Disorder and Stroke, entitled, ^^MS Clinical Trials 

Confirm Approach, Demonstrate Need to Refine Targeted Peptide 

Therapy.'' This relates to the clinical trial of the approach 

using APLs for treatment of MS. While the clinical trials were 

suspended, NIH says that the adverse reactions highlight the 

importance of proceeding carefully with clinical research, even 

when an experimental therapy looks promising, and that more 

carefully controlled clinical trials are necessary. Thus, the 

reports cited by the examiner do not necessarily lead a person 

of ordinary skill in the art to the conclusion that clinical 

trials will never work in a certain category of treatment, 

although one can conclude that more carefully controlled trials 

are necessary. Accordingly, we cannot agree with the examiner 

that the results in some other clinical trials using other types 

of active agents require the conclusion that one can never trust 

experimental results in small animals. One can never get a 

patent if one must wait for clinical results before filing the 

application. Reference is made to MPEP 2107.03 (IV) ^^Human 

Clinical Data" where it states: 

Office personnel should not impose on 
applicants the unnecessary burden of providing 
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evidence from human clinical trials. There is 
no decisional law -bhat: requires an applican't 
to provide data from hxoman clinical trials to 
establish utility for an invention related to 
treatment of human disorders (see In re 
Isaacs, 347 F.2d 889, 146 USPQ 193 (CCPA 
1963); In re Langer, 503 F.2d 1380, 183 USPQ 
288 (CCPA 1974)), even with respect to 
situations where no art-recognized animal 
models existed for the human disease 
encompassed by the claims. Ex parte 
Balzarinl, 21 USPQ2d 1892 (Bd. Pat. App . & 
Inter. 1991) (human clinical data is not 
required to demonstrate the utility of the 
claimed invention, even though those skilled 
in the art might not accept other evidence to 
establish the efficacy of the claimed 
therapeutic compositions and the operativeness 
of the claimed methods of treating humans) . 
Before a drug can enter human clinical trials, 
the sponsor, often the applicant, must provide 
a convincing rationale to those especially 
skilled in the art (e.g., the Food and Drug 
Administration) that the investigation may be 
successful. Such a rationale would provide a 
basis for the sponsor's expectation that the 
investigation may be successful. In order to 
determine a protocol for phase I testing, the 
first phase of clinical investigation, some 
credible rationale of how the drug might be 
effective or could be effective would be 
necessary. Thus, as a general rule, if an 
applicant has initiated human clinical trials 
for a therapeutic product or process. Office 
personnel should presume that the applicant 
has established that the subject matter of 
that trial is reasonably predictive of having 
the asserted therapeutic utility. [Bold 
emphasis added; underlined emphasis original] 

While the specific CDRs used in the present claims have not yet 
commenced human clinical trials. The data in the specification 
and in the publications attached hereto would normally be 
sufficient to permit the FDA to grant an IND for phase I 
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testing. Thus, the examiner should accept that this data is 
reasonably predictive of having the asserted therapeutic 
utility. For all of these reasons, reconsideration and 
withdrawal of the enablement rejection are respectfully urged. 

It is submitted that all of the claims now present in 
the case clearly define over the references of record and fully 
comply with 35 U.S.C. 112. Reconsideration and allowance are 
therefore earnestly solicited. 

Respectfully submitted, 

BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Applicant (s) 



By /rib/ 

Roger L. Browdy 
Registration No. 25,618 

RLB : jmd 

Telephone No.: (202) 628-5197 
Facsimile No.: (202) 737-3528 
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National Institute of Neurological Disorders and Stroke 

MS Clinical Trials Confirm Approach, Demonstrate Need to Refine 

T«f.r9ft®^...P^PMd.e „ ^ _ 

For release: Sunday. October 01, 2000 

Two clinical trials of a targeted peptide therapy in patients with relapsing-remitting multiple sclerosis (MS) have been 
halted due to adverse effects in sonne study participants. Despite these adverse effects, the findings confirm that the 
targeted peptide plays a roie in the disease and provide valuable information that may help refine this type of 
therapy for MS as well as other autoimmune diseases. Results of the two studies will be published in the October 1 , 
2000, issue of Nature Medicine. (1 )(2) 

Investigators at the National Institutes of Health, Stanford University, and 13 other research centers tested a type of 
targeted immunotherapy designed to alter Immune reactions to a specific protein, thereby treating the disease 
without compromising other immune functions, in this case, the therapy was an altered version of one segment of a 
protein called myelin basic protein (MBP). Therapies using altered peptides of this type are referred to as altered 
peptide ligand or APL therapies. MBP is a component of myelin, a fatty substance that surrounds and insulates 
nerve fibers. It is released during flare-ups of relapsing-remitting MS, and it is believed to be one of the proteins 
which is attaclced by the immune system, causing symptoms of the disease. 

Relapsing-remitting MS is marl<ed by periodic increases in brain inflammation and disease symptoms, interspersed 
with periods of full or partial recovery. Previous research suggested that introducing an altered form of MBP into MS 
patients might cause the body to react to the normal MBP in a protective way instead of a harmful way, thereby 
stopping flare-ups of the disease. 

In the first study, researchers led by Roland Martin, M.D., of the National Institute of Neurological Disorders and 
Stroke (NINDS) Cellular Immunology Section tested the therapy in 24 patients with active relapsing-remitting MS. 
The study was partially sponsored by Neurocrine Biosciences, Inc., which owns the rights to this therapy, under a 
Cooperative Research and Development Agreement (CRADA). After studying the patients' normal disease patterns 
for 6 months, the researchers administered 50 mg of APL weekly for up to 9 months while using clinical tests, 
immunology work-ups, and MRI scans to carefully monitor the effects of the therapy in patients. Two out of eight 
treated patients showed an increase in inflammatory brain lesions that was linked to the APL therapy by 
sophisticated studies of their immune cells. One patient developed a general hypersensitivity reaction and three 
others discontinued dosing due to side effects that could not be directly linked to the therapy. Hypersensitivity is a 
condition in which the body over-reacts to a protein or other stimulus. After the first seven patients showed adverse 
effects, the dose was reduced to 5 mg for the eighth patient When this patient also showed an increase in MS 
lesions that appeared to be related to the therapy, the trial was halted prematurely. 

In the second study, Ludwig Kappos, M.D., of the University of Basel, Switzerland, Lawrence Steinman, M.D., of 
Stanford University Medical School, and collaborators at 14 research centers in the United States, Europe, and 
Canada conducted a randomized, double-blind clinical trial designed to test the therapy in 144 patients. The study 
was sponsored by Neurocrine Biosciences, Inc., and by Novartis. After a 1-month monitoring period, patients in this 
trial received either a placebo or a 5-, 20~, or 50-mg dose of the therapy weekly for 4 months. Patients were then 
offered the therapy at a dose of 5 mg weekly. In this study, the researchers found no significant difference In the 
frequency or number of relapses in patients receiving the therapy vs. the placebo, although the volume of new 
inflammatory brain lesions was reduced in some patients who received the 5-mg dose of the therapy. However, 9 
percent of the patients enrolled in the study developed systemic hypersensitivity to the therapy. These reactions 
caused the trial to be stopped after only 53 patients had completed the double-blind phase. The scientists point out 
that neither of the studies tested the therapy in enough patients to show whether it can actually relieve patients* 
symptoms. 

While the adverse effects in these studies were disappointing, the increase in brain lesions in some patients proves 
that MPB can induce an immune response in MS and is therefore a good target for MS immunotherapy, the 
researchers say. "There is no longer any doubt in my mind that MBP is one target autoantigen (a protein that 
triggers an immune response) in MS," says Dr. Martin. 

These studies provide valuable information about how to design, refine, and test targeted immunotherapies. Results 
from both studies suggest that lower doses of this therapy are better than higher doses. The adverse reactions 
found in these studies were not predicted by previous studies in animals or humans, which highlights the importance 
of proceeding carefully with clinical research even when an experimental therapy looks promising, says Dr. Martin. 
The NiH researchers also feel their study demonstrates the importance of immunological tests to determine how 
targeted immunotherapies work in patients. 

While these studies provide valuable information about APL therapies, researchers need to determine why some 
individuals responded differently than others to this therapy and what dose, frequency, and mode of administration 
provide the best results. More carefully controlled clinical trials of this or similar therapies should eventually reveal 
the answers to these questions. 

The NINDS, part of the National Institutes of Health in Bethesda, Maryland, is the nation's leading supporter of 
research on the brain and nervous system. The NINDS is now celebrating its 50th anniversary. 

(1) Bielekova B., Goodwin B., et al. "Encephalitogenic potential of myelin basic protein peptide (83-99) in multiple 
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sclerosis — results of a phase II clinical trial with an altered peptide ligand." Nature Medicine, October 2000, Vol. 6, 
No. 10. pp. 1167-1175. 

(2) Kappos L., Comi G., et aL "Induction of a non-encephalitogenic Th2 autoimmune response in multiple sclerosis 
after administration of an altered peptide ligand in a placebo controlled, randomized phase II trial. " Nature Medicine, 
October 2000. Vol. 6, No. 10, pp. 1176-1182. 

Originally prepared by Natalie Frazin, NINDS Office of Communications and Public Liaison. 
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Treatment of Induced Murine SLE with a Peptide Based on the 
CDR3 of an Anti-DNA Antibody Reverses the Pattern of 

Pathogenic Cytokines 

NAAMA BROSH, HEIDY ZINGER and EDNA MOZES* 

Department of Immunology, The Weivnann Institute of Science, Rehovot 76} 00, Israel 

A peptide based on the complementarity detennining region (CDR) 3 of a pathogenic anti-DNA 
monoclonal antibody that bears the 16/6 idiotype (Id) was shown previously to be a dominant T-cell 
epitope in experimental SI.E, and to be capable of inhibiting SLE-associated responses. When injected, 
concomitant with active immunization with the pathogenic human anti-DNA, 16/6 Id+ mAb, pC'DR3 
inhibited the proliferation of LN -derived T cells stimulated in vitro with the 16/6 Id mAb, The 
inhibition of the specific proliferative responses could be reversed by the addition of exogenous IL-2 to 
the cultures. Analysis of secreted cytokine profile in supematants of these cultures demonstrated that 
pCDR3 treatment reduced significantly the levels of both IL-2 and lPN~r that were elevated further in 
cells of the 16/6 Id-immunized mice. The CDR3 -based peptide was shown here to immunomodulate in 
vivo experimental SLE, induced by the human anti-DNA 16/6 Td+ antibody. The beneficial effects of 
pCDR3 on the clinical manifestations of SLE were associated with downregulation of the Thl-type 
(lL-2, IPN-P) and proinflammatory (TNF-cx) cytoldnes, whereas the immunosuppressive cytokine 
TGF-i3 was up regulated. 

Keywords: Experimental lupus; CDR-based peptide; Immunomodulation of cytokines; Down- 
regulation of SLE 



INTRODUCTION 

Systemic lupus erythematosus (SLE) is a prototypic 
systemic autoimmune disease characterized by the 
production of autoantibodies to nuclear proteins and 
nucleic acids, and involving multiple organ systems and 
diverse clinical manifestations. [1,2] 

Induction of experimental SLE in mice was reported 
previously by our laboratory, using the human,i31 or 
murine [4] monoclonal anti-DNA antibodies that bear the 
common idiotype (Id) 16/6. TTie 16/6 Id-immunized mice 
produced high levels of autoantibodies, including anti- 
DNA and anti-nuclear protein antibodies, as well as anti- 
idiotypic antibodies of the 16/6 Id net^^^ork. Additionally, 
SLE afflicted mice developed leukopenia, proteinuria and 
high-intensity immune complex deposits in their kid- 
neys. [3 ,4] Induced experimental SLE was found to share 
features with the (NZBxNZW)Fl spontaneous SLE 
model. Thus, sequencing of the variable regions coding 
for the heavy and light chains of anti-DNA mAb isolated 
from mice afflicted with experimental SLE, show high 
homology with the variable regions of anti-DNA mAb 
isolatal from (NZBxNZWI mice. [5] 
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Two peptides based on the sequence of the comple- 
mentarity determining regions (CDR) of the pathogenic 
murine monoclonal anti-DNA, 16/6 Id-t- antibody 
(designated 5G12)[4] were synthesized. The CDR3-based 
peptide was shown to induce T-cell proliferation and mild 
SLE upon active immunization of SJL mice. [6] Further- 
more, when administered in PBS, the CDR3 -based peptide 
was able to inhibit T-cell stimulation in mice that are 
actively immunized with the same peptide, or with the 
whole 16/6 Id-bearing patliogenic antibodies of either 
murine or human origin. [6] The CDR3-based peptide was 
showTi to down regulate 16/6 Id-induced lupus. [7] The 
involvement of pCDR3 in the pathogenicity of murine 
SLE was further supported by showing that syngeneic 
immunization with a T-cell line specific to pCDR3 
induced mild experimental disease in S.TL mice. [SI Also, 
naive splcnocytes of (NZBXNZW)Fl lupus prone mice 
were shown to proliferate in response to pCDR3. [9] 

Cytokines, as mediators of immune responses, play a 
role in the pathogenesis of autoimmunity. Many 
abnormalities of the cytokine network have been 
described in patients with SLE and in murine models of 
lUpUS.[10,Il]ln contrast to organ-specific diseases, the 
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Thlrrh2 paradigm does not apply to lupus, as both Thl 
and Th2 cytokines have been found to exert profound and 
complex effects on mouse models of this disease. [121 We 
have shown previously that induction of experimental SLE 
in mice was accompanied by elevated production of Thl - 
type {IL-2 and IFN~y) cytokines, while disease pro- 
gression was charactenzed by an Increase In the Th2-type 
(TL-4 and IL-IO) cytokines and a decrease in the Th-1 type 
c>^okines. Full-blown disease was characterized by 
diminished levels of TL-2, IFN~y and IL-4, while levels 
of IL-IO remained elevated. Secretion of the proinflam- 
matory cytokines IL-1 and TNF-a were high throughout 
the experimental period, [laj Studies analyzing the effects 
of administration of recombinant cytokines and mono- 
clonal antibodies and the use of gene knock-out and 
transgenic mice have produced data that support a role for 
both Till and Th2 subsets in lupus. [14] 

In the present report, we have investigated the 
mechanisms by which pCDR3 exerts its immunomodu- 
latory effects. Injection of pCDR3 concomitant with active 
immunization widi the 16/6 Id mAb inhibited the in vitro 
recall response to the antibody, and reduced 16/6 Id- 
specific secreted levels of the Thl-type cytokines, IL-2 
and IFN— y. Addition of exogenous IL-2 to the cultures 
reversed the inhibited state by resuming proliferation to 
the anti-DNA mAb. Treatment of animals, inflicted with 
experimental SLE, at the time of disease induction, 
modulated the pathogenic cytokine pattern, stimulated 
specifically by the 16/6 Id mAb. Thus, pCDR3 restored the 
Thl-type cytokine (TL-2, TFN~y) and TNF-a profile to 
levels similar to those observed in normal mice, wliile 
enhancing the immunosuppressive cytokine TGF-I3. 
These changes were associated with improvement of the 
clinical manifestations and significant amelioration of the 
typical kidney damage. 

MATERIALS AND METHODS 
Animals 

SJL inbred female mice (Jackson LaboratOjy Bar Harbor 
USA) were used at the age of 8-10 weeks. 

Synthetic Peptides 

Peptides pCDR3 (Y-Y-C-A-R-F-L- W-E-P- Y~A-M-D- Y~ 
W-G-Q-G-S), based on the CDR3 of the murine anti- 
DNA monoclonal antibody 5G12,[4] and reversed pCDR3 
(S-G-Q-G-W-Y-D-M-A-Y-P-E-W-L-F-R-A-C-Y-Y), were 
prepared using an automated multiple peptide synthesizer 

(model AMS 422; Abimed Langenfeld, Germany) using 
the company's protocols for t-butyloxycarbonyl (t-BOC) 
strategy, [is] 

A fb d' 
n T o les 

The human 16/6 Id anti-DNA mAb (IgGl/k) bearing the 
16/6 Id was previously described. [16] The antibody was 



secreted by hybridoma cells gro^^'n in culture and was 
purified on a protein G-Sepharose column (Pharmacia, 

Sweden). Human IgG (CliromoPurc, whole molecule, 
Jackson Innnunoresearch) was used as control. 

I r t » 

Immumzft .on and Induction ofExperlmen tal SLE 

Mice were injected intradermally into the hind footpads 
with 2 f Lgiftlie 16/6 Id mAb, or human IgG, emulsified in 
complete Freund's adjuvant (CFA). For experimental SLE 
induction, mice were immunized with the 16/6 Id, and 
boosted three weeks later with the 16/6 Id (2 f Lg]in PBS in 
a total volume of 100 f.Ll. 

Treatment of Experlmen tal SLE Wfli pCDR3 

Mice immunized with the 16/6 Id were injected 
concomitant with 250 f Lg/animal of pCDR3 in PBS 
subcutaneously, or with the vehicle (PBS) only. The 
animals were similarly treated with the pCDR3 once a 
week for additional three weeks. 

Prc^Ifiera tive Responses of Lyrapli Node- derive d T 

e s 

Eleven days after immunization with the 16/6 Id (with or 
without treatment with pCDR3), lymph nodes (LN) were 
harvested and pooled. Cells (10^/well) were cultured in the 
presence of 0.5-50 fLg/mlof the 16/6 Id. Cultures were 
established in enriched medium containing 1% syngeneic 
nonnal mouse serum in flat-bottom microliter plates 
(200 f Lllwell). At the end of a 4-day incubation period, 
0.5 fLCi of eH} -thymidine (25 CL/mmol, Amersham 
Pharmacia Biotech) was added to the cultures. Sixteen 
hours later, cells were harvested and radioactivity 
measured by a IScountcr 

Regeneration of 16/6 Id-specific Proliferative Response 
in T Cells Derived from pCDR3-treated Mice 

Eleven days after inununization with the 16/6 Id ^ mAb, 
lymph nodes were harvested and pooled. Cells (10 /well) 
were cultiued in the presence of 25 fLg/mlof the 16/6 Id 
witli, or without, exogenous recombinant mouse IL-2 
(Phanningen) at 250, 500 or 1000 units/ml. Cultures were 

established as described above. At the end of a 4-day 
incubation period, 0.5 f.LCiof eH| -thymidine was added 
to the cultures. Sixteen hours later, cells were harvested 
and radioactivity measured. 

DNA-specific Antibody Assay 

Detection of specific antibodies in sera of immunized mice 
was carried out by ELISA. Briefly, flat-bottom maxi-sorb 
plates (Nunc, Roskilde, Denmark) were coated with 
5 f.Lg/ml polY-L-lysine (Sigma), and then coated with 

5 fLg/rallambda phage dsDNA (Worthington biochemical 
corporation, NJ), overnight. The plates were then washed 
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and blocked witii 10% FCS. Diluted sera were tlien added, 

followed by incubation with peroxidase-conjugated goat 

anti-mouse IgG (gamma chain Fc specific, Jackson 

Immuno Research, PA), llie reaction was developed 

with 2,2'-azino-bis(3 -etiiiylbenz-thiazoline-6-sulfonic 
acid) (ABTS, Si ma). 

g 

Detetion f Clinical and Pathological SLE-associated 
Manifestations 

Proteinuria was measured by a semi-quantitative method, 
using a Combistix kit (Ames Di\asion, Bayer Diagnostics, 
Slough, UK). Levels of proteinuria were calculated 
according to the manufactorer's scale where: + 1 equals 
0.3 g/l, +2 equals lg/1, +3 equals 3 g/1. For immunohis- 
tology, frozen kidney cryostat sections (6 fLm)were fixed 
and stained with FlTC-conjiigated goat antibodies to 
mouse IgG, I'-chain specific (Jackson Immunoresearch, 
West Groove, PA, USA). Significance was tested using the 
Mann - Whitney test. 



Indue tlon of CytoklDe P ro due t.on 

Mice immunized with the human 16/6 Id mAb and either 
treated or not with pCDR3 were sacrificed at different 
periods- Spleen and lymph nodes were harvested and cells 

were incubated (5 X 10^/ml for splenocytes and 
4 X 10^/ml for lymph node cells) in the presence of the 
16/6 Id mAb. I^upernatants were collected 24, 48 or 72 h 
after the establl!5?imen t of the culture and kept m - 80°C . 



Analysis of Cytoplasmic Cytokines 

Mice immunized with the human 16/6 Id mAb and either 
treated or not with pCDR3 were sacrificed al different 
periods after the treatment. Lymph nodes were harvested 
and cells (1 X 106) were treated with a Cytoperm kit 
(Serotec) according to the manufacturer's protocol. 
Thereafter, the cells were incubated with different FITC- 
conjugated an ti -cytokine antibodies or with FITC- 
conjugated isotype-matched controls. Cells were assessed 
by the FACSort cytometer and the data was analyzed using 
the CELLQUEST software. 



Detection of Cy tokJDes ID Superaa tants 

Measurements oflL~2, IFN-I' and TNF-a were performed 
by ELISA using antibodies to the various cytokines 
(OPTEIA kits, PharMingen) according to the manufac- 
turer's protocol. For the detection of acid-activated TGF- 
13, plates were coated with recombinant human TGF-131 
sRII/Fc chimera (R&D System) and the second antibody 
used was biotinylated anti-human TGF-131 (R&D 
System). The substrate solution used was TMB color 
reagent (Helix Diagnostics). 



RESULTS 

Effects of the CDR3-based Peptide on 16/6 Id- 
stimulated T-cell Responses 

In order to elucidate the mechanism(s) by which 
pCDR3 down regulates experimental SLE induced by 
the human 16/6 Id mAb, we first analyzed the effects 
of this peptide on short-term 16/6 Id mAb-stimulated 
T-cell responses. As can be seen in Fig. 1, pCDR3 

injected in vivo, concomitant with active immunization 
by the 16/6 Id mAb, inhibited (up to 60% in this 
specific experiment) the proliferation of LN-derived T 
cells, stimulated in vitro with the 16/6 Id mAb (Fig. 
lA). The inhibition of 16/6 Id-stimulated proliferation, 
conferred already in vivo by pCDR3, could be 
reversed by the addition of exogenous IL-2 to the 
16/6 Id-stimulated cultures (Fig. IB). Analysis of 
secreted cytokines in supematants collected from the 
cultures showed that IL-2 and IPN-I' were induced by 
stimulation with the 16/6 Id mAb, and that the in vivo 
treatment with pCDR3 reduced significantly the levels 
of the latter Thl-type cytokines (Fig. IC). These 
results are representative of three similar experiments, 
consfstmg of 10-12 animals each. 



Effects of the CDR3 -based Peptide on 16/6 Id-induced 
Experimental SLE 

In VieW of the results descnfeed above, we attempted 

the analyses of the means by which pCDR3 exerted its 
immunomodulatory effects, in vivo, on experimental 
SLE induced by immunization with the human anti- 
DNA 16/6 Id. Tlius, pCDR3 was administered 

(subcutaneously, 250 fLg/mouse) once a week for 4 
weeks, at the time of disease induction. The animals 
were examined every 4 weeks for serum autoanti- 
bodies and urinary protein. The results shown, in Table 
I are representatives of two long-term experiments 
involving 64 and 90 animals, respectively. As can be 
seen in the Tabic, anti-dsDNA antibody levels 
measured 4 months after disease induction were only 
slightly reduced by the treatment ^^dth pCDR3. Levels 
of proteinuria were lower in the pCDR3-treated mice 
as compared to untreated, 16/6 Id mAb immunized 
animals (Table I). Immunohistological examination of 
kidney sections was carried out at the end of the 
experiment. The results summanzed in Table I 
demonstrate that, as compared to untreated animals, 
pCDR3 treatment reduced significantly the percentage 
of animals with immune complex deposits (from 87.5 
to 37.5%) and also the mean density of the already 
formed lesions (from 2.75 ± 0.7 to 0.5 ± 0.75). It is 
noteworthy that treatment with. pCDR3 inhibited even 
the background of immune complex deposits typical to 
normal aged SJL mice (Table I and Fig. 2D). Figure 2 
represents immunohistology of kidney sections* of mice 
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FIGURE 1 Inhibitory effects on the proliferation of LN-derived T cells frora mice immunized with the 16/6 Id and treated with pCDR3. (A) SJL mice 
were immunized with 2 flog/animal of the 16/6 Id mAh in CFA and concomitantly injected with 250 flogof pCDR3 i.p. in PBS (O), or with PBS, as control 
(8). For the induction of tlie recall response in vitro, popliteal LN were harvested 11 days post iinmunizatioo and cells (106/well) were incuhatcd in 
triplicate wells with different concentrations of tlie 16/6 Id (0.5-25 flog-'ml). Results of the proliferative responses to the 16/6 Id mAb are expressed as 
CPM ± SD of triplicate wells. CPM values of cells with medium were 825 ± 269. CPM values for cells with Con A were 14526 ± 1299. (B) Exogenous 
recombinant mouse IL-2 (2000 units/ml) was added (D), or not (.), to culture wells containing LN cells derived from animals inuuunized with 16/6 Id 
mAb and concomitantly treated with pCDR3, Cells were stimulated in vitro with tlie 16/6 Id mAb (25 jOog.'^nil). Results arc expressed as CPM ± SD of 
triplicate wells. (C) Secreted C3ftoldnes were measured in supematants collected jSrom cultures derived from nciice immunized with the 16/6 Id mAb and 
treated with PBS (.), or from mice immunized with the 16/6 Id mAb and treated with pCDR3 (D). The cells were stimulated in vitro with the 16/6 Id 
mAh (25 flog/ml) and the specific cytokines were measured as described in "Materials and Methods" section. Results are expressed as pg/ml ± SD. 
Resulls of all three paits (A, B, C) are representative of three similar experiments. 



immunized with the 16/6 Id mAb and eitlier not 
treated (Fig. 2A), treated with the vehicle PBS (Fig. 
2B), or with pCDR3 (Fig. 2C). Kidney sections of 
normal age-matched SJL mice are presented in Fig. 
2D. The figure demonstrates the signitlcant reduction 
of immune complex deposits in kidneys of the 
pCDR3-treated mice. 



Analysis of the Cytokine Profile in Animals Inflicted 
with Experimental SLE and Treated with the CDR3- 
based Peptide 

Ever>' month following immunization and treatment, two 
animals of each group were sacrificed and examined for 
their cytokine profile. Cytoplasmic cytokines were 
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TABT.F. I OmicaLj 



q£ a n inif t l s in flifl tpfilin with 



Treafnipnt 

16/6 Id iiiiiTiunized 

fpCDR3 
+PBS 

Normal fage-niatched") 



Anti-dsONA 
Ah IrvrIs* 

L63 ± 0.1 

L36 ± 0.2 

L45 ± 0.2 
0.63 ± OJ 



Prnleinnria f,g/|)t 

0.53 ± 0.36 

0.25 ± 0.08 

0.57 ± 0.53 

0.21 ± 0.08 



Percentage of animals with 
immune complex deposits 

Jul Kidneyf^ 

87.5 
37.5 

75.0 
61.5 



Immune complex, 
deposit density 

jo ii,dni^yst 

2.75 ± 0.70 

0.50 ± 0.75' 

L75 ± 1.28 

1.08 db 1.12 



Seruni anti-dsONA Ab levels wei^e tested and aie presented as mean values (at a dilution of I. 10) of absorbance at 415 irni ^ SO. 
tMean values for urinary protein (± SO) were derived based on the numeric values specified by the manufacturer (see 'IVIaterials and methods" section). 
): Mean tmnnine ccMnplex tknsity values (see "Materials and methods" section) ± SO. Results are representatives of two experimmts. The data were analyzed by the 
Mann-Whitney test, 

~ pCOR3 treated animals were compared to the 1&'6 Id mAb immunized atiimaJs ~ 0.0006). 



measured in a pool of LN cells of two mice that were not 
stimulated in vitro (Fig. 3A). Secreted cytokines were 
determined, in supematants of LN cells and splenocytes 
(pooled from two animals) that were stimulated in vitro 
with the 16/6 Id mAb (Fig. 3B). Regarding cytoplasmic 
cytokines, tlie most notable effect of the in vivo treatment 
witli pCDR3 was observed at 60 days after the end of 
treatment (Fig. 3A). The LN cells of SLE-inflicted tnice 
(16/6 Id mAb immunized) were stained positively for 
cytoplasmic IL-2, IL-4, IL-IO. and IFN-I'. In vivo 
treatment with pCDRS reduced dramatically the percen- 
tage of cells with positive staining of these cytokines. 



bringing the values close to those measured in normal age- 
matched SJL LN cells (13.4% for IL-2, 19.3% for IL-4, 
5.4% for IFN-T', and no detection for IL-IO). 

The profile of secreted cytokines was examined in 
supematants of pooled lymph node cells and splenocytes 
stimulated in vitro with the 16/6 Id mAb (Fig. 3B). The 
most notable effect of pCDR3 treatment was obsei"ved at 
day 90 alter the treatment. Thus, at this time point, when 
clinical manifestations emerge, LN cells from animals 
treated with pCDR3, secreted reduced levels of botli 
Thl-type cytokines IL-2 and IFN-F (Fig. 3B). Results that 
are not shown in the figure indicated that levels of the 




FIGURE 2 Immunohistology of kidney sections from mice immunized witli the 16/6 Id and treated with pCDR3. Five months after the end of the 
treatment, mice were sacrificed, tlieir kidneys removed and analyzed for the presence of immune complex deposits as described in "Materials and 
Methods" section. The picture represents kidney sections of mice of the different groups: 16/6 Id mAb-immunized mice (A), 16/6 Id mAb-immmiized 
and PBS-treated mice (B), 16/6 Id mAb-iinmunized and pCDR3-treated mice (C), and normal age-matched SJL mice (D) ( X 400). The results represent 
two experiments that consisted of 64 and 90 animals each. 
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FIGURE 3 Cytoplasmic and secreted cytokines in LN cells deiived 
from animals inflicted with experimental ^LE and treated with the 
CDR3 -based peptide. The expemiien ts conSlSted of 64 and 90 amhia Ts 
each- At days 30, 60, 90 and 120 following disease induction by the 10/6 
Id mAb and treatment with the pCDR3, 2 animals from each group were 
sacrijSced and theii^ LN-derived cells were pooled. (A) Non-stimulated 
cells (I X 106) from 16/6 Id mAb immunized mice (.) and from 16/6 Id 
mAb immunized mice treated with pCDR3 (D) were stained for the 
presence of intracellular IL-2, IL-4, IL-JO, and IPN-I' as described in 

"M.ateri.als and Methods" section. FlTC-conjugated isotj'pe matched 
antibodies were used as controls, The results presented m tlie figure were 
obtained 60 days after treatment and are expressed as percentage of 
positively stained cells out of 5000 cells analyzed. Secreted cytokines 
were measiu"ed in supematants of cultured cells (5 X J06/ml) derived 
from 16/6 Id mAb inmiunized mice (.) and 16/6 Id mAb inmiimized and 

Ireated with pCDR3 (D). The cells were stimulated in vitro witli the 16/6 
Id mAb (25 fJg/ml) in duplicate cultures. Secreted IL-2 (B) and IPN-l' (C) 
were measured by ELISA as detailed in "Materials d. Met.hods" section. 
Results for secreted cytokines aie shown for the time pomt of 90 days 
after treatment, secretion after 48 h. The results are expressed as pghnl. 
Results are representative of two long-term experiments. 

Th2~type IL-5 were elevated in LN cells derived from 
pCDR3-treated animals (150pg/ml) as compared to non- 
treated animals (low below the detection level) already 60 
days after the treatment. The changes in the cytokine 
pattern was not observed in animals inflicted with 
experimental SLE and treated wdth reversed pCDR3 
peptide, or with PBS, as controls. 

Examination of the pro-inflammatory cytokine TNF-a 
was carried out both on cytoplasmic and secreted cytokine 
levels. As shown in Fig. 4A, the proportion of LN cells 
stained positively for cytoplasmic TNF-a increased 
gradtially in time following disease induction by 16/6 Id 



mAb. Tiie figure also demonstrates that treatment with 
pCDR3 changed this process by dramatically reducing the 
percentage of cells stained for TNF~a, bringing the values 
close to those measured in normal age-matched SJL mice. 
The same phenomenon was observed when we examined 
secreted TNF-d in supematants of 16/6 Id mAb stimulated 
LN cells. Figure 4 represents the results deteiTnined 120 
days after treatment. It is shown that animals treated with 
pCDR3 exhibited a dramatic reduction in TNF-a levels. It 
is noteworthy that TNF-a could not be detected in 
supematants derived fiom LN of normal age-matched SJL 
mice. In contrast to the effects of pCDR3 on TNF-a levels, 
splenocytes of pCDRB -treated animals secreted signifi- 
cantly higher levels of the aCld-actlvated Immunosuppres- 
sive cytokine TGF-[3, as compared to 16/6 Id mAb 
immimized, non-treated mice (Fig. 4C). 

DISCUSSION 

The present study investigated the effects of the CDR3- 
based peptide on three levels, namely, in vitro, ex vivo and 
in vivo. The main findings of the present report were that 
pCDR3 exerted its beneficial effects by modulating SLE- 
associated T-cell responses probably in part by inducing 
T-cell anergy, as was demonstrated by the analysis of T- 
cell proliferative potential and the secreted cytokine 
pattern. In vivo, pCDRB treatment ameliorated manifes- 
tations of experimental SLE and was associated mainly 
with dow^n-regulation of the proinflaimnatory cytokine 
TNF-a, up-regu latlOn of the Immunosuppressive Cytokine 
TGF-[3 and a decrease m the Thl-type cytokmes IL-2 and 
IFN-'Y, 

-,1 • t [17] 

Autoreactive T ce^s were demonstrated m kxpns. 
Thus, investigation of iupus-associated T-cell responses 
may be a key for understanding the effects of pCDR3 in 
the 16/6 Id induced model of SLE. The CDR3-based 

peptide mliibited the recall T-cell response to the whole 
16/6 Id mAb probably by inducing clonal anergy or 
1 d' . f d h 

to erance. Ad ItlOn o exogenous IL-2 reverse testate 

of unresponsiveness of 16/6 Id-stimulated LN cells 
derived from pCDR3 treated animals (Fig. IB), in 
agreement witli previous rCpOrts. [is] Clonal anergy was 

shown to be associated with a decrease m IL-2 and IFN-'Y 
production. [181 Indeed, treaUnent with pCDR3 concomi- 
tant Willi immunization with the 16/6 Id, resulted in 
inhibition of the proliferative responses of LN cells to the 
immunizing antibody and in down regulation of IL-2 and 
IFN-'Y secretion (Fig. IC). Preliminary results, (Brosh, 
unpublished results) suggested that injection of pCDR3 
concomitant with immunization with the 16/6 Id mAb 
reduced the proportion of the in vitro 16/6 Id-stimulated 
cells undergoing apoptotic cell death, and increased the 
proportion of cells accumulated in the Go/G/ phase of the 
cell cycle. Gilbert and Weigle^^^j proposed that anergy 
was the result of Gi cell-cycle blockade. Powell and co- 
authors showed that artificial (rapamycin treatment) 
inhibition of cell cycle progression from G| into the S 
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FIGURE 4 Proinflainmatory versus inuminosupressive cj'tokines in animals inflicted with experimental SLE and treated with tlie CDR3-based 
peptide. At days 30, 60, 90 and 120 following treatment witli the pCDR3, 2 animals from each group were sacrificed and their LN-derived cells were 
pooled. (A) For the detection of c>toplasmic TNF-Ol, LN-dcrivcd cells (I x J06) from 16/6 Id mAb immunized (8), or from 16/6 Id mAb innnumzed 
and treated with pCDR3 (O), or from normal age-matched SJL mice (D.), were tested for the presence of intiacellular TNF-Ol by FACS, as described in 
"Materials and Methods" section. FlTC-conjugatcd isot>'pe matched antibodies were used as controls. Results are expressed as percentage of positively 
stauied cells. (B) For the detection of secreted TNF-Ol, LN-derived cells (5 x JO^/nil) from 16/6 Id oiAb iinmuniijed mice (.), or from 16/6 Id niAb 
immunized mice treated with pCDR3 (UlU). or from nomial age-matched SJL mice (UUJ), were stimulated in vitro, in duplicate cultures, with the 16/6 Id 
mAb (25iLglml) for 48 h. The results arc of cells taken at day 120 after treatment. (C) For the detection of secreted TGF-J3, splenocytes (4 X JQ6) 
derived from 16/6 Id mAb immunized mice (.), or from 16/6 Id mAb unmimized mice treated witli pCDR3 {UlU}, or from nomial age-matched SJL mice 
(0), were incubated for 72 h in a serum-free medium containing 1% Nutridoma SP media supplement JOO X (Bohringer Mannheim), Secreted TNF-Ol 
and TGF-J3 were measured in the supernatouts collected from these cultures by ELISA, as detailed in "Materials and methods" section. The results are 
expressed as pg/ml and are representatives of tv^'o long-term experiments. 



phase rendered CD4+ Thl clone anergic. They suggested 
that aiiergy induction occurred as a result of blockade in 
the progression from G] to the S phase of the cell cycle. J 20] 

Disease activity was shown to be regulated by cytokines 
in patients with SLE. 116. 21] Previous reports from our 
laboratory indicated that development of experimental 
SLE in mice involved two stages. Thus, disease induction 
was accompanied by elevated production of Thl-type 
(IL-2 and IFN--y) cytokines. Disease progression was 
characterized by a decrease in the Th-1 type cytokines and 
an increase in the Th2-type (IL-4 and IL-IO) cytokines. At 



the stage of full-blown disease (approximately 7 months 
after induction), IL-2, IFN— y and lL-4 levels were 
diminished, while levels of TL-TO remained elevated. 
Secretion of the proinflcimmatory cytokines TL-T and 
TNF-a were shown to be high throughout the experimen- 
tal periodY^] 

hi this report, treatment with pCDR3 at the time of SLE 
induction, reduced dramatically the proportion of LN- 
derived cells expressing aberrant levels of cytoplasmic 
IL-2, IL-4, IL-IO, and IFN~y, bringing these values close 
to those measured in normal age-matched SJL mice. The 
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TL-2 expression by freshly isolated SLE peripheral blood 
mononuclear cells (PBMC), was found to be elevated 
compared to control PBMC.[22] Production oPlFN-'Y from 
patients with SLE correlated significantly with disease 
activity. [23] Treatment with pCDR3 dowTi regulated levels 
of secreted rL-2 and also of secreted IFN-'Y (Fig. 3). 
Administration of IFN-'Y along with SLE induction 
aggravated disease manifestations in experimental ani- 
mals. [24] Further, MRL/lpr/lpr mice deficient of IFN-'Y 
gene, [25] or the IFN-'Y receptor gene^-^^^ were protected 
from disease development, as were (NZBxNZW)Fl mice 
treated with anti-IFN-*Y antibodies [27] or IFN-'Y soluble 
receptor. [28] 

In addition to causing reduction of the Thl-type 

cytokines, treatment with pCDR3 reduced levels of both 

cytoplasmic and secreted proinflammatory TNF-a (Fig, 

4). Lupus patients with active disease had significantly 

higher levels of serum TNF-a (and IL-6) compared to 

f t 'th' f dV 129]F rth tr t t f 
p_ len s '*:1 mac .Ive Iseas, u er, ^ me_ 0 

mice afflicted witli expenmental SLE with either 

methotrexate or tamoxifen resulted in beneficial clinical 

effects associated with diminished secretion of TNF- 
a. 130.3 l]Moreover, mice with experimental SLE benefited 

sigmficantly from treatment with either antl-TNF-a Abs 
or pentoxiphyline (that was shown to reduce TNF-a 
levels). [32] 

t reatment up reguJate^ the sccretl<3n of 

TGF-I3. TGF-13 null mice were shown to develop 
autoimmune manifestations resembling SLE. [33]Ohtsuka 

and co-authors reported that unstimulated and antI-CD2- 
stimuiated PBLs from SLE patients (especially the NK 
cell subset) produce decreased levels of active TGF-13. [34] 

TOF.Jsj^vs s&wn to niM TNF-a production, In 
Vitro. It IS not clear yet whether m the present study, the 
el ev^ted_ levels of TGF-13 down regulated directly TNF-a 

pro uc lOn. 

Treattnent with pCDRB injected four tinies a week, 
ameliorated lupus-associated clinical manifestations in the 

16/6 Id Immumzed mice. The treatment reduced slightly 
the levels of anti-dsDNA antibodies and proteinuria, but 
decreased significantly the appearance and density of 

immune complex deposits m the kidneys (Table I). The 
CDR3 -based peptide was recently shown to prevent lupus 

in the (NZBXNZW)Fl mice. [36]The ability of pCDR3 to 

modulate lupus m (NZBXNZW)Fl mice can be explamed 
based on the liigh sequence homology of anti-DNA 
antibodies isolated from lupus-prone micel3^,38]and from 

mice With 16/6 Id-mduced lupus. Several recent papers 
reported the successful usage of autoantibody or 
autoantigen-derived pep tides in spontaneous murine 

trpUSmo^^e^s. Th^^^ liljeCtiOno ^ a peptide correspon <^mg 
to the VH CDR3 region of a natural polyreactive 
autoantibody to yoimg pre-autoirmnune (NZBXNZW)Fl 

mlc_ Wc4^^9]evfepment protemuna an^ mcreasc ^ 
survival rate. In the (SWRXNZB)Fl mouse model of 
lupus, a therapy course with peptides derived from 

nuc^some core ^Istones was ellectlve m *^etymg \ipus 
nephritis in pre-nephritic mice and prolonged survival and 



halted progression of renal disease. [40]In another system, 
peptides that react with a pathogenic mouse monoclonal 
anti-DNA antibody protected mice from renal deposition 
of the antibody, in vivo, [41] Further, treatment with 
peptides derived from the VH region of anti-DNA 
autoantibody to young (NZBXNZW)Fl, substantially 
delayed development of anti-DNA antibodies and 
nephritis and prolonged the animals' sur\^ival. [42] In 
agreement, we demonstrated here that treatment of 
experimental SLE with a peptide based on the CDR3 of 
an anti-DNA autoantibody led to significant amelioration 
of the clinical manifestations. The latter has been 
associated with the immunomodulation of the pathogenic 
cytokine pattern. 
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Two peptides based on the coraplementarity-determining re- 
gions (CDR) of a pathogenic murine anti-DNA antibody were 
employed in an attempt to prevent the spontaneous systemic 
lupus erythematosus (SLE)-like disease of (NZBxNZW)FI 
mice. Female mice, at the age of 2 months, were injected with 
either the CDRl- or the CDR3-based peptides (pCDRl, 
pCDR3) subcutaneously or intravenously in aqueous solution 
for a total of 8-10 treatments. A reduction was observed in the 
total and pathogenic IgG2a and IgG3 anti-DNA antibody titers 
in the CDR-treated groups. Treatment reduced the number of 
mice that developed proteinuria and immune complex deposits 
in their kidneys. The scverit}' of renal pathology was signifi- 
cantly reduced in the pCDR3 (P < 0.02) and pCDRl {P < 
0.05) treated mice. Thus, both CDR- based peptides adminis- 
tered in aqueous solution were capable of preventing the 
SLE-like disease in G>fZBxNZW)Fl mice, although the bene- 
ficial effects of pCDR3 appeared to be more pronounced than 
those of pCDRI in the treated mice. 

KEY WORDS: SLE-like models; (NZBxNZW)Fl mice; CDR^based 
peptide; immujiomodulatton; disease prevention. 



liNTRODUCTlON 

Systemic lupus erytheniatosus (SLE) is an autoimmune 
disease and its complexity provides many challenges. 
There are several animal models for tliis disease, most of 
which are getietically based, and the mouse strains 
develop spontaneously SLE-like disease. (NZBxN- 
ZW)F1 mice develop a lupus-like syndrome that is 
manifested mainly in the production of high anti-DNA 
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antibody titers and a kidney disease, which can be 
detected already by the age of 4 months, and leads to 
their death around the age of 10-12 months. Other 
SLE-prone mice include MRL Ipr/lpr, BXSB, and Palm- 
erstone-North (PN) (1,2). 

The induction of a lupus-like disease in non- 
genetically susceptible mouse strains has been previ- 
ously reported by our laboratory (3). The model origi- 
nally had been based on immunization of mice with a 
human monoclonal anti-DNA antibody, bemng a major 
idiotype namely 16/6 Id. A few weeks after immuniza- 
tion, mice develop anti-DNA and other antinuclear 
antibodies; anti-idiotypic antibodies; general clinical 
manifestations, including high er>throcyte sedimentation 
rate, leukopenia, and thrombocytopenia; and within 4 
months from immunization the mice develop deteriorat- 
ing kidney disease with immune complex deposits and 
sclerosis (3). Similar observations were demonstrated 
when disease was induced with a monoclonal murine 
anti-DNA antibody with the 16/6 Id, namely MAb 5G12 
(4). 

Two peptides based on the complementarity- 
determining regions (CDR), CDRl and CDR3, of the 
murine anti-DNA antibody were designed and synthe- 
sized (5). We showed previously that injection of pCDRl 
and pCDR3 in aqueous solution could inhibit the prolif- 
erative responses of lymph node cells of BALB/c and 
SJL strains, respectively, that were primed with either 
the pathogenic monoclonal anti-DNA antibodies of ei- 
ther murine (5G12) or human (16/6 Id) origin (5). 

The murine monoclonal antibody 5G12 was shown to 
be highly homologous to anti-DNA antibodies isolated 
from (NZBxNZW)Fl (6, 7). Hence, it was of interest to 
attempt immunomodulation of the SLE-like disease in 
the SLE prone mice (NZBxNZW)Fl with the CDR- 
based peptides (pCDRl and pCDR3). We report here 
that both peptides, given in phosphate-buffered saline 



268 



O271-9142/OQ/07OO-O268S18.00/0 © 2000 Plenum Publishing Corporation 



PREVENTEON OF SLE BY CDR-BASED PEPTIDES 



269 



(PBS), were capable of preventing disease development, 
however the beneficial effects of pCDR3 appeared to be 
more pronounced than those of pCDRl in these mice. 



MATERIALS AND METHODS 
Mice 

Eight- to ten-week-old female (NZBxNZW)Fl mice 
were obtained from the Jackson Laboratory (Bar Harbor, 
ME) and maintained under standard conditions in the 
animal facility of the Weizmann Institute of Science. 

Peptides 

The CDR-based peptides of the murine anti-DNA 
antibody 5G12 were used. The CDRl -based peptide 
T GYYMQ WVKOSPEKSLEWIG (pDCRl) and the 
CDR3-based peptide YYCAR PLWEPYA MDYWGQGS 
(pCDR3) (the CDRs are underlined) were prepared with 
an automated synthesizer (Apphed Biosystems, model 
430A, Germany) using the compatiy's protocols for 
f-butyloxycabonyl (r-BOC) strategy (8, 9). The reversed 
pCDRl sequence peptide (GIWELSKEPSQKVWQ- 
MYYGT), which was shown to bind efficiently to the 
same MHC class II as pCDRl but did not trigger T-cell 
responses (Eilat et aL, unpublished resuhs), was synthe- 
sized as above and used as control for pCDRl . An analogue 
of pCDR3 (YYCARFLWEPYANokj.bucinI>YWGQGS), 
where methionine was substituted by Norleucin was less 
efficient than pCDR3 in immunomodulating experimen- 
tal SLE induced by the 16/6 Id (Brosh et aL, unpublished 
results) and was employed in the present study for 
comparison with pCDR3. 

ELISA for DNA 

For identification of anti-DNA antibodies, 96 wells 
Maxisorb microtiter plates (Nunc, Denmark) were coated 
with 50 p.l/well of 10 jtxg/ml methylated bovine serum 
albumin (BSA) (Sigma, St. Louis, MO), or with 100 
ju,l/well poly-L-lysine (5 /xg/ml) (Sigma). The plates were 
then washed and coated with 50 /xl of 10 /xg/ml of 
denatured (boiled for 15 min and cooled rapidly on ice) 
calf thymus DNA (Sigma), or 100 /xl/well of lamda 
phage dsDNA (Boehringer, Mannheim) (5 ^tg/ml). 
Thereafter, the plates v^'cre blocked with 1% ovalbumin 
(Sigma) in PBS, and the sera of the mice, diluted serially 
from 1:10 to 1:10^, were incubated for 90 min. Plates 
were then washed and incubated for 60 min with goat 
anti-mouse IgG (gamma chain specific) conjugated to 



horseradish peroxidase (Jackson Immuno Research, 
West Grove, PA). Results of assays to determine ssDNA 
and dsDNA were compared and found to be similar. For 
the determination of the Ig isotypes of the antibodies 
assayed horseradish peroxidase-labeled goat anti-mouse 
IgGl (7! chain specific), IgG2a, and IgG2b {yla, y 
2^chain specific) or IgG3 (y3 chain specific) antibodies 
(Southern Biotechnology Associates, Birmingham, AL), 
were used. Following washing, plates were incubated 
with the substrate, ABTS {2»2'-azino~i'i.y(3-ethylbenz- 
thiazoline-6-sulfonic acid); Sigma) and read using an 
enzyme- linked immunosorbent assay (ELISA) reader. 

Detection of Proteinuria 

Proteinuria was measured by a standard semiquantita- 
tive test, using an Albustix kit (Bayer Diagnostic, UK). 
Results were graded according to manufacturer as: neg- 
ative; + = 0.3 g/liter, + + = 1 g/liter, -h + + = 3 g/liter, 
+ 4- + -f = >: 20 g/liter. 

Immunohistology 

Mice were sacrificed at the age of 8 months and 
kidneys were removed and frozen immediately in Hquid 

nitrogen. Frozen cryostat sections of 6 ^m were air dried 
and fixed in acetone. For the detection of Ig deposits, 
sections were incubated with FITG-conjugated goat anti- 
mouse IgG (7 chain specific) (Jackson Immuno Re- 
search, West Grove, PA). For the determination of the Ig 
isotypes of the antibodies assayed, FITC-conjugated goat 
anti- mouse TgG2a (72a chain specific) or IgG3 (73 chain 
specific) antibodies (Southern Biotechnology Associates, 
Inc. Birmingham, AL) were used. Specific staining was 
visualized using a fluorescence microscope. Immunohis- 
tology was evaluated with the technician blinded to 
whether mice belonged to control or experimental 
groups. 

Pathological Eva luation 

Mice were sacrificed and their kidneys were preserved 
frozen at -70°C, and then trimmed and routinely pro- 
cessed for light microscopy. Parafiin-embedded, 5-/Ltm- 
thick sections were stained with hematoxylin and eosin 
(HE) and periodic acid Schiff (PAS). Lesions were 
described and scored where appropriate, using semiquan- 
titative grading of five grades as follows: Q, no lesion; 1, 
minimal lesion; 2, mild lesion; 3, moderate lesion; and 4, 
severe lesion. Histopathology was evaluated with the 
pathologist blinded to whether mice belonged to control 
or experimental groups. 
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Statistical Analysis 

To evaluate the significance of the difference between 
untreated and treated groups, the unpaired ?~test and the 
nonparametric Wilcoxon rank test or Mann-Whitney test 
were used. 



RESULTS 

In order to find out whether treatment of (NZBxN- 
ZW)Fi mice with the CDR-based peptides at the age of 
2 months, before disease manifestations are observed, 
will prevent the development of SLE in female (NZBx- 
NZW)F1 mice, groups of the latter were injected with 
either pCDRl or pCDR3 (250 /utg/mouse or PBS subcu- 
taneously) once a week for a total of 8 weeks, Tlie mice 
were followed for anti-DNA antibody production and 
disease manifestations. A moderate reduction in anti- 
DNA antibody titers in treated groups, as represented in 
Fig, lA and IC in which sera taken from mice 1 month 
after the end of treatment, is seen. The reduction also is 
demonstrated in Fig. 2, in which the kinetics of total 
anti-DNA antibody production is shown in the pCDR3- 
treated group. The lower titers in the treated mice could 
be determined from the age of 5 months (1 month after 
the end of treatment) throughout the experiment. We 
were interested to examine whether this mild reduction 
in the total anti-DNA antibody could be attributed to one 
or more of the anti-DNA isotypes. Figure IB and ID 
demonstrate a moderate reduction in the pathogenic 
lgG2a and IgG3 in both the pCDRl-treated group and in 
the pCDR3- treated group. It should be noted that anti- 
DNA antibody titers of the IgGl and IgG2b isotopes 
were very low in either the untreated or treated mice. 
This has been reproducible in the diiferent experiments 
tested. As seen in Table I, significant reduction of 
proteinuria was observed in the groups treated with the 
CDR-based peptides. Thus, proteinuria of 8.8 g/liter was 
measured in the pCDRl -treated group and a more 
prominent reduction as low as 0.7 g/liter was observed in 
the pCDR3-treated group versus 20 g/liter in the PBS- 
treated group and 16 g/liter in the untreated group. 

Table II demonstrates kidney analysis of the treated 
mice. As can be seen, treatment reduced the number of 
mice with immune complex deposits in their kidneys to 
40% positive staining in the pCDR I -treated group and 
25% in the pCDR3-treated group versus 80% in the 
PBS-treated group and 90% in the untreated group. 
Figure 3 demonstrates representative results of immune 
complex deposits in kidneys of either pCDRl- or 
pCDR3-treated mice. Kidney sections were stained with 
FITC conjugated to anti-IgG2a or IgG3 (the apparent 



pathogenic isotypes) antibodies. A reduction in deposi- 
tion of both IgG2a and IgG3 anti-DNA antibodies could 
be observed. The reduction in immune complexes for- 
mation was more prominent in the pCDR3 treated group 
compared to the pCDRl treated group. 

The histopathological findings are presented in Table 
11 and Fig. 4. Three components of renal pathological 
changes (i.e., glomerulonephritis) were evaluated: glo- 
merulosclerosis, nephropathy, and interstitial lympho- 
cytic infiltration. Glomerulosclerosis diagnosis was ap- 
plied when the glomerular basement membrane appeared 
thickened. The process involved hyaline obliteration of 
the glomeruli, transforming them into acellular eosio- 
philic masses. This was particularly evident in PAS- 
stained sections. Nephropathy diagnosis was applied 
when the renal tubules appeared atrophic, regenerative, 
or basophilic, having dilated lumen widi presence of 
proteinaceous casts. The term interstitial lymphocytic 
infiltration was applied to define the presence of scat- 
tered and discrete interstitial lymphocytic aggregation 
present at the medullary regions. Increased severity of 
glomerulosclerosis and nephropathy was accompanied 
by dissemination of lymphocytic infiltration within cor- 
tical and medullary regions. The mean severities of 
histopathological findings are presented in Table 11. The 
incidence and in particular the severity grades of these 
parameters were significantly reduced in the groups 
treated with the peptides, as compared to the untreated 
group or to the group treated only with PBS. In partic- 
ular, the severities of glomerulosclerosis and nephropa- 
thy, which are characteristic components of the sponta- 
neous glomemlonephritis in the (NZBXNZW)Fl mice, 
were prominently reduced in the pCDR3 (P < 0.02) and 
pCDRl (P < 0.05) treated mice (Fig. 4 and Table II). 

It was of interest to evaluate the effects of an addi- 
tional route of administration, namely intravenous (i.v.) 
treatment with pCDRl, on the clinical manifestations 
observed in (NZBxNZW)Fl mice. Therefore, mice were 
treated at the age of 3 months with i.v. injections of 100 
pLg/mousc twice a week for 4 weeks (or with reversed 
pCDRl as control peptide). Treated mice showed signif- 
icant reduction in proteinuria (1.9 g/liter vs. 6.3 g/liter in 
the untreated group or 8.4 g/liter in the control peptide 
treated mice) (Table III, experiment 1), whereas mild 
reduction in anti-DNA antibody titers was observed (Fig. 
5A). Upon sacrifice the kidneys of the experimental mice 
were examined. As shown in Fig. 6, the immune com- 
plex deposits in the kidneys of the i.v. pCDR 1 -treated 
group (B) were less intense compared to the untreated 
(A) and the reversed pCDR 1 -treated groups (C). 

The specificity of the beneficial effects of pCDRl and 
pCDR3 was further tested. Mice were treated subcutane- 
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Fig. 1. Antibody levels in the sera of mice treated with the CDR-based peptides. Sera of individual (NZBxNZW)Fl mice 
(10 mice/group) (A) untreated (□), pCDRl treated (O), or (C) pCDR3 treated {♦), taken I month after the end of 8 weeks 
treatment were tested for antibody levels to DNA, by ELISA as described in Materials and Methods. Anti-DNA isotype 
levels in (NZBxNZW)Fl mice: untreated, white bars, treated mice, black bars, with (B) pCDRl or (D) pCDR3 are 
presented al a dilution of \ :40, Results are expressed as mean OD ± SD of each mouse group. */* 0.05 as compared 
with the untreated groups. These results represent all bleedings. 



ously (sx.) at the age of 2 months with 250 ^g/mouse of 
pCDRl or control peptide (reversed pCDRl) twice a week 
for 4 weeks. A decrease in anti-DNA antibody titers was 
observed as shown in Fig. 5B. The decrease was deter- 
mined for ail IgG isotypes {IgGl, 2a, 2b, and 3; data not 
shown). Table Til (experiment 2) shows that the treatment 
with pCDRl significantly decreased proteinuria and im- 



mune complex deposits in kidneys (40% in the pCDRl- 
treated group as compared to 1(X)% in the control group). 
Representative results of immune complex deposits in the 
kidneys are presented in Fig. 6, which demonstrates signif- 
icant reduction in immune complex deposits in kidneys of 
mice treated with pCDRl (D) compared to tlie untreated 
(A) or treated with control peptide groups (E). 



Journal of Clinical Immunology, Vol. 20. No. 4. 2000 



272 



EILAT, ZINGER, NYSKA, AND MOZES 



O 

o 
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Fig, 2, Kinetics of anti-DNA antibody production in (NZBxNZW)Fl 
mice treated with pCDR3 at the age of 2 months. Mice were given 
weekly treatments with peptide pCDR3 from the age of 2 months 
during 8 weeks and bled monthly until the age of 8 months to determine 
anti-DNA antihody levels. Anti-DNA antibody levels were measured 
on pools of sera of each experimental group and presented at a dilution 
of l:RO. 



We further compared the effect of treatment with 
pCDR3 to one of its analogues that was shown to inhibit 
pCDR3 proliferative responses in vitro and ex vivo. 
However, in long-term experiments of induced experi- 
mental SLE, this analogue failed to show significant 
protective effect (Brosh et aL, unpublished data). As seen 
in Fig. 7, moderate decreased anti-DNA antibody titers 
in the pCDR3 treated group compared to the analogue- 
treated group were determined. The decrease was man- 
ifested mainly in the pathogenic IgG2a isotype (data not 
shown). Table III (experiment 3) demonstrates that 
treatment with pCDR3 affected proteinuria (2.1 g/liter) 



Tabl« 1. Treatment with CDR-Based Peptides Reduces the Levels of 
Protein in the Urine of (NZBxNZW)Fl Mice" ' 



Treatment of (NZBxNZW)Fl mice 


Proteinuria g/litcr ± SD 


Untieated 


16.06 ± 7.8 


pCDRl sx. 


8.8 ± 9.1 


pCDR3 s.c. 


0-7 ± air 


PBS s.c. 


20 ± 0 



Proteinuria was always measured at about the same time of day, and 
all mice in an experimental cohort were tested together. Results are of 
mice at the age of 8 months. 

* The results are representative of two experiments of treatment with 
pCDRl and pCDR3. 

* P < 0.05 as compared with the untreated group. 



compared to the untreated group (10.7 g/Uter) and to the 
group treated with the pCDR3 analogue (7.2 g/liter). 
Immune complex deposits were dramatically decreased 
in the pCDR3 -treated group compared to the pCDR3- 
based analogue and to the untreated group (40%, 85%, 
and 100% positive staining, respectively). As expected, 
the pCDR3 -based analogue showed only mild beneficial 
effects, whereas the effects of pCDR3 were significant. 
Representative results are demonstrated in Fig. 6 and 
show that immune complex deposits are markedly re- 
duced in the pCDR3 -treated group (F) compared to the 
pCDR3-based analogue-treated group (G) and to the 
untreated group (A). 

DISCUSSION 

The main findings of the present report are that two 
peptides based on the CDR of a pathogenic anti-DNA 
antibody that induces experimental SLE in naive mice 
are capable of preventing the SLE-iike disease in the 
SLE-prone (NZBxNZW)Fl mice. SLE is a complex 
disease that presents a challenge for immunomodulation, 
since its pathogenicity is not clear. The different animal 
models of SLE-like syndrome present various immune 
abnormalities tliat varies from one model to another. 
Thus, it is difficult to find a common feature that will 
provide the basis for treatment. Optimal treatment for 
SLE should consist of a specific agent. Therefore, we 
synthesized two peptides (pCDRl and pCDR3) based on 
the CDR of a pathogenic autoantibody in an attempt to 
immunomodulate lupus-like disease. Injections of solu- 
ble pCDRl or pCDR3 into BALB/c or SJL mice, 
respectively, inhibited the proliferative responses of 
lymph node-derived T cells of mice immunized with the 
pathogenic monoclonal human anti-DNA antibody with 
the 16/6 Id (5). We have shown further the efficacy of 
pCDRl and pCDR3 in inhibiting the induction of the 
SLE-like disease induced by the 1 6/6 Id in BALB/c and 
SJL mice (Eilat, Brosh, and Mozes, unpublished data). 
The peptides used in the present study were synthesized 
based on the CDR of a monoclonal anti-DNA antibody, 
5G12, which is highly homologous to an anti-DNA 
antibody isolated from (NZBxNZW)Fl mice, namely, 
F5-48 (6), and to a different anti-DNA antibody from the 
same mouse strain, namely, 17s. 166 (7). The fact that the 
three anti-DNA antibodies (5G12, F5-48, 17s.l66), 
which originated from C3H.SW and (NZBxNZW)Fl 
mice, are related might suggest a common background of 
the different SLE-like animal models, the genetically and 
induced disease, and could be attributed to consensus 
sequences of and-DNA antibodies. Peptides derived 
from syngeneic different anti-DNA autoantibodies heavy 



Journal of Clinical Imnunology, Vol 20, No. 4. 2000 



PREVENTION OF SLE BY CDR-BASHD PHFllDHS 



273 



Table II. Treatment witli the CDR-Based Peptides Reduces the Htstopathological Findings and the Formation of 
^ Immune Complex Deposits in Kidneys of (NZBxNZW)Fl Mice^^ 



Treatment 


Histopathological 
findings* 


Intensity of immune complex deposits" 
Grade Ko. of animals 


Mice with immune 
complex deposits 


Untreated 


G 


2.09 ± 0.9 


+ + + 


8 


iO/11 (90%) 




N 


2.09 ± 1 




1 






I 


L9 ± 0.8 


+ 


3 










± 


1 




pCDRl s.c. 


G 


0.75 ± 1.3*' 




1 


215(40%)^ 




N 


0.8 ± IJ^ 




1 






I 


1.2 ± 0.7 


± 


3 




pCDR s.c. 


G 




4--I- 


2 


2/8 (25%)" 




N 






6 






I 


0,87 ± 0.6 








PBS S.C. 


G 


2.4 ± 0.8 


+ + + 


4 


4/5 (80%) 




N 


2 ±0.6 


± 


1 






I 


2.6 ± 0.5 









" Results are representative of two experiments of treatment with pCDR I and pCDR3. 

* Histopathological findings: paraffin embedded, 5-pLm thick sections were stained with hematoxylin and cosin (HE) and periodic acid Schiff (PAS). 
Histopathological findings were evaluated in three components of renal pathological changes: G, glomerulosclerosis; N, nephropathy; 1, interstitial 
lymphocytic infiltration. Microscopic evaluation: histopathological changes observed were graded on a scale of 0-4 and in ascending order^ 
according to degree of severity as shown: 0, unremarkable; I, minimal; 2, mild; 3, moderate; 4, marked change. For final evaluation, the mean value 
for severity of each observed lesion was calculated. 

Frozen cryostat sections were stained with FlTC-labeled goat anti-mouse Ig (7-chain specific). The intensity of the immune complex deposits was 
graded as follows: (— ) or (±), no immune complex deposits or very low intensity; (+), minimal intensity; (-t-H-) moderate, and (+ + +) high 
intensity of immune complex deposits. 

< 0.05 as compared with the untreated group. 
P < 0.02 as compared with the untreated group. 



chain variable (Vh) regions were shown to specifically 
activate T cells of young (NZBxNZW)Fl mice. These 
peptides were suggested to have an important role in 
anti-DNA production and pathogenesis of murine lupus 
(10,11). 

A few approaches were used for the prevention of the 
SLE-like disease of (NZBxNZW)Fl mice. Thus, treat- 
ment of mice with the estrogen antagonist, tamoxifen* 
ameliorated lupus-like disease with a beneficial ejQfect on 
clinical manifestations in this mouse strain and a signif- 
icant decrease in pathogenic anti-DNA IgG3 antibody 
titers (Sthoeger et aL, unpublished data). Treatment of 
(NZBxNZW)Fl mice with methimazole (which down- 
regulates MHC class I) prevented the development of 
disease as assessed by a reduction of immune complex 
deposits in the kidneys of treated mice (12, 13). The in 
vivo elimination/inactivation of €04"^ T cells has been 
reported to be effective in the prevention and treatment of 
several murine models of autoimmune diseases {14, 15). 
However, a short course of anti-CD4 therapy in (NZBx- 
NZW)F1 mice did not result in long-term suppression of 
autoimmunity (16). Early thymic radiation of (NZBxN- 
ZW)F1 mice at the age of 2 months led to decreased 
mortality and reduction in IgG3 anti-DNA antibodies, 
however, no reduction in immune complexes or anti- 
DNA antibodies was observed (17). 



All the above treatment protocols had beneficial 
effects but are not specific to the SLE-Hke disease. 
Thus these treatments affect other functions of the 
immune system as well. Treatment with the CDR- 
based peptides is specific to lupus and was shown to 
efficiently ameliorate disease manifestation. Our study 
was not designed to determine survival of mice 
following treatment, since we sacrificed mice at age of 
8 months to enable kidney disease analysis in both 
treated and untreated groups. However, our results led 
to reduction in anti-DNA antibodies especially in the 
pathogenic IgG2a and IgG3 subtypes. This reduction 
was observed in sera of both the pCDRl- and pCDR3- 
treated mice. We also observed a significant reduction 
in proteinuria in the mice treated with the CDR-based 
peptides, and most importantly, treatment with the 
CDR-based peptides prevented kidney damage in a 
significant number of the treated (NZBXNZW)Fl 
mice. Our results are in agreement with a recent report 
that injection of a pCDR3 peptide based on the CDR3 
of an anti-DNA antibody from naive BALB/c mice to 
(NZBXNZW)Fl mice at the age of 2 months yielded 
delay of 50% in mortality rate and onset of proteinuria. 
The latter also induced IgGl anti-DNA antibodies that 
were able to bind to the anti-DNA IgG2a subtype but not 
to polyclonal lgG2a (18). Further, inducing tolerance in 
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lgG2a lgG3 




Fig. 3. Treatment with the CDR-based peptides reduces the incidence and severity of immune complex deposits in the 
kidneys of (NZBaNZW)FI mice. Frozen kidney sections from untreated mice (A, E!), control PBS-ireated naice (D, H) 
pCDRl-treated mice (B, F), and pCDRS-treated mice (C, G) were fixed and stained as described (in Materials and Methods) 
for the detection of immune complex deposits of the lgG2a or lgG3 isotypes. llje kidney sections shown are from a single 
animal within a group, but are representative of that group, as summarized in Table 11 (X100). 
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Fig. 4. Histopathological findings in (NZBxNZW)Fl mice treated with CDR-based peptides. (A) Representative histological renal section 
of a control (untreated) (NZBxNZW)Fl mouse. Note the marked degree of glomerulosclerosis consisting of marked thickening of the PAS + 
glomerular basement membrane. (B) Representative histological renal section of a (NZBxNZW)Fl mouse treated for B weeks with PBS. Note 
tlie marked degree of glomerulosclerosis consisting of marked thickening of the PAS"^ glomerular basement membrane. (C) Representative 
histological renal section of a (NZBxNZW)Fl mouse treated for 8 weeks with pCDRt peptide. Note no histopathological changes. The PAS^ 
giomenilar basement membranes are thin. (D) Representative histological renal section of a (NZBxNZW)Fl mouse treated for 8 weeks with 
pCDR3 peptide. Note no histopathological changes. The PAS^ glomerular basement membrane are thin. PAS» 25 X. Inset, I32X. 



young (NZBXNZW)Fl mice by i.v, injections of pep- 
tides derived from the heavy chain variable ( V^) regions 
of anti-DNA autoantibodies postponed the development 
of the SLE-like disease in these mice (10, 19). Peptides 
based on a nephritogenic (R4A) anti-DNA antibody were 
shown to protect mice from renal deposition of anti- 
DNA antibodies (20), Thus, the reported, as well as our 



findings, support the crucial eflbct of heavy chain vari- 
able region-derived peptides in the modulation of murine 
lupus. 

The mechanism underlying the immunomodulation of 
the CDR-based peptides has not been elucidated yet. 

Recent results in which the pCDRl was used to prevent 
induction of experimental SLE in BALB/c mice indi- 
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Table III. Treatment with the CDR-Based Peptides Reduces the 
Intensity and Formation of Immune Complex Deposits in Kidneys of 
(NZBxNZW)Fl Mice^ 

Intensity of Mice with 









immune 


immune 




Proteinuria* 


complex 


complex 


Treatment 


g/liter 


± SD 


deposits' 


deposits 


Experiment 1 










Untreated 


6.3 ± 


8.4 


1.75 ±0.43 


100% 


pCDRl i.v. 


1.9 ± 


4.4^ 


0.5 ± 0.5'' 


50% 


Reversed pCDRl i.v. 


8.4 ± 


9.2 


1.3 ±0.7 


86% 


Experiment 2 










Untreated 


ll.fi ± 


6.9 


2.8 ± 0.41 


1(X)% 


pCDRl s.c. 


3.9 ± 


A.¥ 


0.8 ± 


40% 


Reversed pCDRl s.c. 


9.3 ± 


8.9 


3 ± 0 


100% 


Expcriment 3 










Untreated 


10.7 ± 


9.7 


3.4 ± 0.48 


100% 


pCDR3 s.c. 


2.1 ± 




0.8 ± 1*^ 


40% 


pCDR3 Analog s.c. 


7.21 ± 8.5 


1.9 ± L12 


85% 



" Results are representative of two experiments for each category. 

* Proteinuria always was measured at about the same time of day, and 
all mice in an experimental cohort were tested together. Results are 
means of two to three measurements of mice at the age of 7-8 
months. 

' Frozen cryostat sections were stained with FITC-labeled goat anti- 
mouse Ig (y-chain specific). The intensity of the immune complex 
deposits was graded on a scale of 0-4 in ascending order, according 
to degree of severity: (-» ±), 0; (+). 1; (++), 2; 3; 
(+ -I- + +), 4. For final evaluation, the mean value was calculated. 

^'P 0.05 as compared with tlie control groups. 

cated that the pCDRl treatment led to decreased levels of 
the Thl"type cytokines (IL-2, INF7) that are required for 
the induction of experimental SLE (21), whereas secre- 
tion of the suppressive cytokine transforming growth 
factor-beta (TGF-j3) was increased (Eilat et aL^ unpub- 
lished data). These results could suggest that at least part 
of the beneficial effects of the CDR-based peptides is via 
immunomodulation of cytokine secretion. Further, 
down-regulation of the Thl-type cells could account for 
the observed reduction in the IgG2a and IgG3 (patho- 
genic) anti-DNA antibody levels. Down-regulation of 
epitope spreading might be one of the centi'al means by 
which the CDR-based peptides immunomodulate SLE- 
associated responses. Indeed, epitope spreading was 
shown to play an important role in the induction and 
progression of lupus (10). Whether the CDR-based 
peptides inhibit autoreactive-determinant spreading via 
immunomodulation of cytokine production or by inter- 
ference with other immune reactions is currently under 
investigation. 

It is noteworthy that the CDR-based peptides immuno- 
modulated SLE manifestations in the (NZBxNZW)Fl mice 
when given either intravenously or subcutaneously. Recent 
experiments have shown that the CDR-based peptides are 
protective when given orally, as well (Brosh et aL, unpub- 
lished results). It is thus possible that all the above admin- 




QJ , 1 r- 

o a o 

5 S « 

Sera Dilution 




Sera Dilution 

Fig. 5. Anti-DNA antibody levels in the sera of mice treated with 
CDRl by difltrent routes. Sera of individual (NZBxNZW)Fl mice (10 
mice/group) injected with pCDRl during 8 weeks, either i.v. <A) or s.c. 
(B), untreated (□), pCDRl treated (♦), and reversed pCDRl treated 
(O) taken 1 month after the end of the treatment were tested for 
antibody dters to DNA. And-DNA antibody levels were determined by 
ESLISA. Results are expressed as mean OD ± SD of each mouse group. 
*P < 0.05 as compared to untreated mice; **P < 0.05 as compared 
to mice treated with the control peptide. These results represent all 
bleedings. 

istration routes (including i.v.) (22) lead to the production of 
the immunosuppressive cytokine TGF-jS. 

There is no specific treatment for SLE as yet; there- 
fore, disease is treated with corticosteroids at initial 
stages, and when these fail, an immunosuppressive 
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treatment is initiated. The fact that peptides originated 
from an antibody of an inducible animal model can 
dramatically benefit a different spontaneous animal 
model is encouraging. Further testing of these peptides 



is needed to examine their effect on an established 
disease in (NZBxNZW)Fl mice. Preliminary results of 
treatment of (NZBxNZW)Fl mice at the stage that 
clinical manifestations are already observed suggest a 
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Fig. 7. Anti-DNA antibody levels in sera of (NZBxNZW)Fl mice ti^ated 
with pCDR3 ajid its analogue. Sera of individual (NZBxNZW)Fl mice (10 
mice/group): untreated (□), pCDR3 treated (♦), and pCDR3 analogue 
treaied (O) taken 1 month after the end of 8 weeks treatnient (weekly s.c. 
injections) were tested for antibodies to DNA. Anti-DNA antibody levels 
were determined by ELISA. Results are expressed as mean OD ± SD of 
each mouse group. These results represent all bleedings. 

beneficial effect of the CDR-based peptides at this 
stage as well. 
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A peptide based on complementarity-determining region (C0R)-1 
of a monoclonal murine antt-DNA Ab that bears the common 
Idiotype, 16/61d, was synthesized and characterized. The peptide, 
designated pCDRI, was found to be an immunodominant T-cell 
epitope in BALB/c mice. The CDR1 -based peptide was shown to be 
capable of inhibiting the in vivo priming of BALB/c mice immunized 
with the peptide or with the whole anti-DNA 16/6ld'*' mAbs of 
either nK>use or human origin. We show here that administration 
of pCDRI (weekly, i.v., 100 ftg/mouse) in aqueous solution for 5 
weeics starting at the time of disease induction with the human 
16/6ld prevented the development of clinical manifestations of 
experimental systemic lupus erythematosus (SLE), Further, 10 
weekly injections of pCDRI to BALB/c mice with an established 
experimental SLE down-regulated clinical manifestations of SLE 
(e»g., anti'DNA auto-Abs, leukopenia, proteinuria, immune com- 
plex deposits in the kidneys) in the treated mice. Prevention of SLE 
induction was shown to be associated mainly with a decrease in 
the levels of IL-2, \HFy, and the proinflammatory cytokine TNFa. On 
the other hand, the secretion of the immunosuppressive cytokine 
TGF/3 was elevated. Amelioration of the clinical manifestations of 
an already established experimental SLE correlated with a dramatic 
decrease in TNFa secretion, elevated levels of TGF/3, and immuno- 
modulation of the Thi and Th2 type cytokines to levels close to 
those observed In healthy mice. 

The induction of experimental systemic lupus erythematosus 
(SLE) has been previously reported in our laboratory and 
was achieved by using the human monoclonal anti-DNA Ab that 
bears the common idiotype, designated 16/6Id (1). This Ab 
could induce SLE in naive mice of different susceptible strains 
(2). The 16/6Id-induced disease resembles SLE in human and is 
manifested by high levels of auto-Abs, which include anti-DNA 
and antinuclear protein Abs as well as 16/6Id and anti-16/6Id 
specific Abs (1), The 16/6Id-immunized mice also develop 
lupus-associated clinical symptoms (e.g., leukopenia, protein- 
uria, and kidney damage). Experimental SLE can also be 
induced in mice after their immunization with either a murine 
aiiti-16/6Id mAb (3) or a murine anti-DNA 16/6Id+ mAb, 5G12 
(4)^ suggesting the importance of the 16/6Id network in the 
disease. Furthermore, T-cell lines specific to the human anti- 
DNA 16/6^"*" mAb were shown to be capable of inducing 
experimental SLE in syngeneic recipient mice indicating the role 
of T cells in the disease (5). Experimental SLE, although induced 
in mice that normally develop no symptoms of SLE, was found 
to share features with the SLE model of (NZBxNZW)Fl mice, 
which develop the disease spontaneously. Thus, sequencing of 
the variable regions coding for the heavy and light chains of 
anti-DNA mAb isolated from mice afflicted with experimental 
SLE show high homology with the variable regions of anti-DNA 
mAb isolated from (NZBxNZW)Fl mice (6). 

Two peptides based on the sequences of the complementarity- 
determining regions (CDR) of the pathogenic murine monoclo- 



nal anti-DNA Ab (5G12) that bears the 16/6 Id were synthe- 
sized. pCDRl and pCDRS were shown to be immunodominant 
T-cell epitopes in BALB/c and SJL mouse strains, respectively, 
and induced a mild SLE-like disease in responder mice (7). 
Further, the CDR-based peptides inhibited the priming of 
lymph-node cells (LNC) of mice immunized with the same 
peptides or with the monoclonal anti-DNA 16/6Id"'" Abs of 
either mouse or human origin. The CDRl -based peptide was 
also shown to prevent auto-Ab production in BALB/c neonatal 
mice that were immunized later with either pCDRl or the 
pathogenic auto-Ab (7). 

In the present report, the ability of the CDRl -based peptide 
to immunomodulate SLE induced in BALB/c mice was tested. 
We show here that pCDRl is capable of either preventing or 
treating an already established SLE-like disease. A decrease in 
Thl-type (IL-2, INFy) cytokines was observed when mice were 
treated for experimental SLE prevention, whereas the amelio- 
ration of disease manifestations in the treatment protocol was 
associated with a pattern of Thl and Th2 cytokines similar to that 
observed in healthy mice. A significant down-regulation of the 
proinflammatory cytokine TNFa and an up-regulated secretion 
of the immunosuppressive cytokine TGPp was demonstrated in 
mice treated for either the prevention or immunomodulation of 
experimental SLE. 

IVIaterials and Methods 

WIce. Mice of the BALB/c inbred strain were obtained from Olac 
(Bichester, U.K.). Female mice were used at the age of 8-10 

weeks, unless specified otherwise. 

Synthetic Peptides. The peptide based on the CDRl 
TGYYMQ WVKOSPEKSLEWIG (pCDRl; the CDR is under- 
lined) of the murine monoclonal anti-DNA 16/6Id"^ auto-Ab 
(mAb 5G12; ref. 4), was prepared with an automated synthesizer 
(Applied Biosystems model 430A) by using the company's 
protocol for f-butyloxycarbonyl strategy (8). A peptide synthe- 
sized in the reversed order of pCDRl (rev pCDRl) was used for 
control. 

mAbs. The human anti-DNA mAb that bears the 16/6Id 
(IgGl//<) was previously described (9, 10). The Ab was secreted 
by hybridoma cells that were grown in culture and was purified 
by using a protein G-Scpharosc column (Pharmacia). 



Abbreviations: CDR, complementarity-determining region; Id, idiotype; LNC, lymph node 
cells; pCDRI, peptide based on the sequence of CDRl; SLE, systemic lupus erythematosus. 

*To whom reprint requests should be addressed. E-mail; edna.moze5®weizmann.ac.il. 
The publication costs of this article were defrayed in part by page cbar^ payment. This 
article must therefore be hereby marked "advertisement" In aoiordance with 18 U.S.C 
§1 734 solely to indicate this fact. 
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tmmurifzatton and Induction of Experimental SLE, To induce exper- 
imental SLE. mice were immunized with 1-2 fig of the human 
niAb 16/6Id and boosted 3 weeks later (1). 

Treatment with the CDR1>Based Peptide. For prevention of exper- 
imental SLE, mice were given pCDRl or the reversed pCDRl 
(control peptide) i.v. (100 ^tg/mouse) concomitant with immu- 
nization and were injected weekly thereafter for 5 weeks. 
Treatment of an established disease had started 3.5 months after 
disease induction with the 16/6Id, when clinical manifestations 
were already observed. Mice received 10 weekly injections of the 
CDRl-based peptide given i.v. or s.c. (100 ^g/mouse). Reversed 
pCDRl was administered as control. Both prevention and 
treatment experiments were performed three times each. 

Detection of SLE-Assodated Clinical and Pathological Manifestations. 

Proteinuria was measured semiquantitatively by using Combistbt 
kit (Ames Division, Bayer Diagnostics, Newbury, U.K.). White 
blood cells were counted after a 10-fold dilution of heparinized 
blood in distilled water containing 1% acetic acid (vol/vol). For 
immunohistology analysis, frozen kidney sections (6 ptm) were 
fixed and stained with FITC-conjugated goat Abs to mouse IgG 
(y-chain specific; Sigma). 

ELiSA. For measuring anti-DNA Abs, 96-well Maxisorb microti- 
ter plates (Nunc) were coated with either methylated BSA or 
polyL-lysine (Sigma). The plates were then washed and coated 
with either 10 fig/ ml of denatured calf thymus DNA (Sigma) or 
X-phage double-stranded DNA (Boehringer Mannheim, 5 fig/ 
ml). After incubation with different dilutions of sera, goat 
anti-mouse IgG (y-chain specific) conjugated to horseradish 
peroxidase (Jackson ImmunoResearch) was added to the plates, 
followed by the addition of the substrate, 2,2'-azino-bis (3- 
ethylbenzthiazoline-6-sulfonic acid) (Sigma). Results were read 
by using an ELISA reader. Results of assays to determine single- 
and double-stranded DNA were found to be similar. For the 
determination of 16/6Id-specific Abs, plates were coated with 10 
/jig/ml of human 16/6Id, and Abs to nuclear proteins were 
detected by using precoated plates (Diamedix, Miami). The 
assays were carried out as above. 

Induction of Cytokines Prodtiction. Mice that were immunized with 
the human 16/6Id and either treated or not with the CDRl- 
based peptide were killed at different periods during or after 
treatment with pCDRl. Splenocytes and LNC were harvested 
and incubated (5 x 10^/mi) in the presence of the 16/6Id. 
Supernatants were collected after 48 and 72 h. 

Detection of Cytokines m Supernntanfs. Measurements of IL-2, -4, 
-10, INF7, and TNFa were performed by ELISA by using the 
relevant standards, capture and detecting Abs (PhaiMingen) 
according to the manufacturer's instructions. For detection of 
TGF3, plates were coated with recombinant human TGF/31 
sRII/Fc chimera (R&D Systems), and the second Ab used was 
the biotinylated anti-human TGFjSl Ab (R & D).The substrate 
solution used was TMB color Reagent (Helix Diagnostics, West 
Sacramento, CA), and enzyme activity was evaluated by using 
570- and 630-nm filters. 

Detection of Intracellular Cytokines. Siiigle-cell suspensions of LN C 
were exposed to a Cytoperm kit (Serotec) according to the 
company's protocol. Thereafter, cells were incubated with the 
appropriate anticytokine~FITC-conjugated Ab. Cells were as- 
sessed by a FACScan cytometer, and the data were analyzed by 
using LYSIS software (Becton Dickinson), 

Statistkal Analysis. Mann-Whitney and / tests were used for 
statistical analyses of the data. 
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Ffg. 1. Auto-Abs in BALB/c mice immunized with the 16/61d. BALB/c mice 
(five mice per group) were immunized with 16/6 Id and concomitantly in- 
jected with pCDRI or reversed pCDR1{100 ^tg/mouse i.v. once per week for 5 
weeks) orwerenottreated. Results expressed as CD ± SD were obtained at the 
bleeding before sacrifice and represent all monthly bieedings. (A) Anti-DNA 
Ab titers measured on Individual sera (dilution 1:1,000). (B) Anti-l6/6ld Ab 
titers measured on individual sera (dilution 1:10,000}. (C) Abs to nuclear 
antigens measured on pooled sera (dilution 1:100). OD levels of riormal sera 
and of sera of mice that were injected only with pCORI were undetectable. 
The results are representatives of three experiments. (A) *, P < 0.05 as 
compared with reversed pCDRl -treated mice, t, P < 0.01 as compared with 
16/6 id immunized untreated mice. (B) $, P < 0.05 as compared with 16/6ld 
immunized untreated or * 16/6ld immunized and reversed pCDRl-treated 
mice. 



Results 

Prevention of Experimental SLE. To find out whether the CDRl- 
based peptide is capable of preventing experimental SLE in- 
duced by the human anti-DNA 16/6Id, mice immunized with the 
latter were treated once per week for 5 weeks with pCDRl (i.v. 
in PBvS, 100 )LAg/mouse) or with a control peptide (reversed 
pCDRl), starting at the day of priming with 16/6Id. Fig. 1> which 
represents three similar experiments, demonstrates a decrease in 
the titer of anti-DNA (Fig. lA), anti-16/6Id (Fig. IB), and Abs 
to nuclear antigens (Fig. IC) in the pCDRl-treated group 
compared with untreated or reversed pCDRi-treated groups. 
Table 1 shows that the clinical manifestations tested, namely 
leukopenia, proteinuria, and immune complex deposits in the 
kidneys, were also milder in the pCDRl -treated group of mice. 
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Table 1. The effect of treatment with pCDR1 on the clinical manifestations of experimental 
SLE 



Immunization and WBC Proteinuria Mean intensity of Immune 

treatment (mean ± SD) (mean g/l ± SD) complex deposits ± SO 



15/6 Id 


2760 




391 


1.4 




0.9 


1.1 




0.2 


16/6ld + re\fersed pCORI 


3220 




311 


1.8 




1 


0.88 




0.2 


t6/6W + pCDRl 


5950 


± 


420*^ 


0.475 


-4- 


0.35*5 


0.37 




0,111 


pCDRI only 


5750 




208 


0,225 




0.15 


0.16 




0-1 


Normal mice 


5340 




313 


0.18 


± 


0.16 


0.09 




0.Q9 



BALB/c mice were immunized with 16/6{d and concomitantly injected with pCDRI or reversed pCDRI 100 

^g/mousel.v. once per week for 5 weeks. Mice were followed forSmonths. Results of leukopenia and proteinuria 
were obtained 7 months after immunization and are representative of 3 experiments and of measurements 
performed at differenttime points. Results of immune complex deposits were evaluated asfollows: 0 = no lesions 
or minimal lesions; 1 = moderate lesions; 2 = severe lesions. Kidney analyses were performed at death. 
*,P< 0.01, t and %P< 0.03 compared to 16/6Id fmmunized mice that were not treated, t, P < 0.01 and %,P< 
0.03 compared to 16/6ld immunized and reversed pCDRI treated mice, respectively. 



Fig, 2 demonstrates representative kidney sections of experi- 
mental mice. It can be seen in the figure that administration of 
pCDRl prevented the formation of immune complex deposits in 
the kidneys. The effect of pCDRl is specific because the control 
peptide, reversed pCDRl, did not affect specifically the auto-Ab 
titer (Fig. 1) and clinical manifestations, including kidney dam- 
age (Table 1, Fig. 2). 

Treatment of Experimental SLE. It was of interest to find out 
whether the CDRl-based peptide is capable of down-regulating 
manifestations of experimental SLE when clinical symptoms are 
already observed. To this end, mice were immunized and 
boosted with the 16/6 Id and were followed for 3.5 months until 
clinical manifestations of the disease occurred. Groups of mice 
were then treated with 100 pig/mouse of pCDRl administered 
either i.v. or s.c, once per week for 10 weeks. Fig. 3 demonstrates 
a significant decrease in the anti-DNA Ab titers in the pCDRl- 
treated groups (either i.v. or sx., P < 0.01). Significantly reduced 
clinical manifestations (leukopenia, proteinuria, and immune 
complex deposits in the kidneys) were observed in the i.v.- 
treated group and to a lesser extent in the s.c.-treated group 
compared with the untreated group, as can be seen in Table 2. 
Fig. 4 represents immunohistology results of kidney sections of 




Fig. 2. Immunohistology of kidney sections of BALB/c mice that were 
treated with pCDRI for prevention of experimental SLE.{a) IS/Sld-immunized 
mice; (b) mice immunized with 16/6 Id and concomitantly injected with 
reversed pCDRI; (c) 16/6ld-injected mice that were treated with pCORl; (d) 
nonimmunized mice treated with pCDRI. Mice were killed 8 months after 
disease induction and their kidneys removed and analyzed for the presence of 
rmmune complex deposits as described in Materials and Methods (x400). 



the different experimental groups. Both i.v, and s.c, administra- 
tion protocols diminished the immune complex deposits in the 
pCDRl-treated groups. No such ameHoration could be observed 
in the group of mice treated with the control peptide, the 
reversed pCDRl (Table 2, Fig. 4). These results were reproduc- 
ible in three independent experiments. 

pCDRI Down>Regulates Experimental SLE by Immunomodulating the 
Cytokine Profile. Because cytokines were shown to play a major 

role in the pathogenesis of experimental SLE (11), it was of 
interest to find out whether treatment with pCDRl affects the 
cytokine profile of the treated mice. Hence, BALB/c mice that 
were injected with 16/6 Id and treated with pCDRl were killed 
monthly, and their LNC were stained for intracellular cytokines. 
Table 3 represents results that were obtained 1 month after 
booster injection with the 16/6Id. A decrease in specific staining 
for IL-2 and INFy could be observed in lymph node cells of mice 
of the pCDRl-treated group. A similar decrease could be 
observed 1 month later (data not shown). As can be seen in the 
table, no detectable changes could be observed in lymph node 
cells stained for IL-4 and -10. Matching results were obtained in 
a second independent experiment. We also examined secreted 
cytokines in supernatants of LNC and spleens of the experi- 
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Fig. 3. Anti-DNA Abs in sera of SLE-affllcted BALB/c mice that were treated 
with pG>Rl. BALB/c mice (20 mice/group) were immunized and boosted with 
16/6ld. Later (3.5 months) mice were treated with pCDR1 i.v. or s.c, 100 
/w-g/mouse once per week for 10 weeks. 16/6ld immunized; O, 16/6ld 
immunized and treated with pCDRI i.v.; A, 16/61d immunized and treated 
with pCDRl s c.; D, sera of normal mice. Results expressed as OD ± SD were 
obtained at bleeding before death and represent all previous bleedings. 
Results were reprcducibJe in three independent experiments. *. P < 0.01 as 
compared with both pCDRI-treated groups. 
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Table 2. Therapeutic effects of treatmei^t with pCDR1 on the dinitai manifestations of an established 
expertmentat SLE 





Immunization 


WBC 


Proteinuria 


Mean Intensity of immune 


Group 


and treatment 


(mean ± SO) 


(mean g/l ± SD) 


complex deposits ± SD 


A 


16/6 Id 


2870 ± 494 


1-53 ± 1 


1.5 ± 0.2 


B 


16/6ld + i.v. reversed pCDRI 


3120 ± 701 


1.67 ± 1.1 


1.5 ± 0.5 


C 


16/6ld + i.v, pCDRI 


6200 ± 490* 


0.35 ± 0.37^ 


0.5 ± 0.3* 


D 


16/6ld + s,c. pCDRI 


5070 ± 6255 


0.58 ± 0.361' 


0.66 ± 03** 


E 


Normal mice 


7420 ± 51 1 


0.06 ±0.13 


0 



BALB/c mice were immunized with 16/6ld. Three and one half months afterdisease induction, they were treated with either pCDRI 
(s.c. or i.v.) or reversed pCDRl (i.v.) once per week for 10 weeks. Intensity of immune complex deposits were evaluated as described for 
Table 1. The above results were obtained at sacrifice (about 2 months after treatment had stopped). 

*,P< 0.01 compared to group A and P < 0.05 compared to group B. P < 0.01 compared to group A and P < 0,05 compared to group 
B, t, P < 0.02 compared to groups A and B. H, P < 0.02 compared to groups A and B. t, P < 0.03 compared to group A. **, P < 0.03 
compared to group A. 



mental mice. Table 4 denrtonstrates the cytokine levels in the 
supematants of 16/6 Id-stimulated LNC, about 2 weeks after the 
end of treatment (1 month after boosting with 16/6Id), As can 
be seen in the table, levels of proinflammatory cytokine TNFa 
as well as of IL-2 and INF7 were significantly lower in the group 
of pCDRl-treated mice, whereas secretion of the immunosup- 
pressive cytokine TGFj3 was elevated in these mice. The levels 
of IL~4 were below the detection sensitivity of the assay, whereas 
levels of IL-IO that were low in the 16/6Id~injected mice at the 
time of the assay were higher in the pCDRl-treated mice (260 
pg/ml in supernatants of the pCDRl-treated mice compared 
with 120 and 140 pg/ml in 16/6Id-injected mice that were not 
treated or were treated with the control-reversed pCDRl, 
respectively). At a more progressed stage of the disease, when 
high levels of 1L~10 were detected in supernatants of the 
SLE-afflicted mice (11), the concentration of the latter cytokine 
was lower in the pCDRl-treated mice and similar to that 
determined in normal mice (200 pg/ml in supernatants of 
pCDRl -treated mice as compared with 500 pg/ml and 460 
pg/mi in supernatant of 16/6Id-injected and nontreated mice or 
reversed pCDRl -treated mice, respectively). Similar results were 
obtained when supernatants of splenocytes of the same mice 
were tested after their stimulation with the 16/6Id (data not 
shown). 

We wanted to find out whether treatment with pCDRl of mice 




Fig, 4. Immunohistology of kidney sections of BALB/c mice treated with 
pCDRI after clinicai symptoms were observed, (a) 16/6Id immunised mice; (6) 
16/6ld immunized mice treated with reversed pCDRI i.v.; (c) 16/6ld immu- 
nized mice treated with pCDR1 s.c; id) 16/6ld immunized mice treated with 
pCDRI i.v. Mice were killed 8 months after disease induction and their kidneys 
removed and analyzed for the presence of immune complex deposits (x20). 



with an already established experimental SLE affects the cyto- 
kine pattern as well. To this end, BALB/c mice with 16/6 
Id-induced experimental SLE were treated after their clinical 
symptoms were observed- Two mice were killed monthlyj and 
cytokines secreted by their LNC and spleen cells were assessed. 
Fig. 5 demonstrates the levels of cytokine secretion from spleens, 
at the end of treatment (about 6 months after disease induction), 
in comparison to cytokines in spleens of normal mice. A striking 
reduction in the levels of TNFa secreted by splenocytes of 
16/6Id-immunized mice that either were not treated or were 
treated with the reversed CDRl -based peptide could be ob- 
served in supernatants of splenocytes of pCBRl -treated mice 
(either i.v. or s.c). Both i.v. and s.c. treatment protocols in- 
creased significantly the levels of secreted TGFjS (Fig. 5). We 
have previously shown that at a progressed stage of the disease, 
the levels of secreted IL-2, INF7, and IL-4 in the SLE-afflicted 
mice were lower than in healthy controls (11). Indeed, as can be 
seen in Fig. 5, treatment with pCDRl (either i.v. or s.c.) resulted 
in the secretion of levels of the latter cytokines that are com- 
parable to those determined in splenocytes of healthy mice. It is 
also shown in the figure that the secretion of IL-10 was immu- 
nomodulated by the treatment with pCDRl to levels that are not 
substantially different from those of the normal mice. Similar 
results were obtained when cytokine secretion was measured in 
supematants of LNC of mice of the different groups (data not 
shown). Thus, the beneficial effects of treatment with the 
CDRl-based peptide are associated mainly with the down- 
regulation of the proinflanmiatory cytokine TNFa that was 
shown to play a pathogenic role in SLE (11) and with an 
up-regulation in the secretion of the immunosuppressive cyto- 
kine TGFP- The i.v. and sx. treatment protocols had similar 



Table 3. Cytokine profile in BALB/c mice that were treated with 
pCDRI for tiie prevention of experimental SLE 



Intracellular staining 



Cytokine 



16/6ld,* % 



16/6Id + 
pCDRI, % 



16/6ld 4- reversed 
pCDRI, % 



IL-2 
INF7 
IL-4 
IL-10 



100 
100 
100 

100 



47 
56 
100 
99 



115 
81 
98 
98 



Cytokine profile was determined by intracellular staintng of lymph node 
cells (see Materials and Methods) of mice killed 1 nr>onth after booster injec- 
tion with the 16/6ld (««2 weeks after treatment). The results are representative 
of two experiments (5-12% variations were observed between experiments). 
♦Staining of lymph node cells of mice immunized with 16/5ld was considered 

as 100% (100% stained cells - 2,650, 2.950, 2.300, and 1.550 for lL-2, INFy, 

IL-4, and IL-10, respectively). 
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Table 4. Cytokine profile in BALB/c mice that were treated with 
pCDRl for the prevention of experimental SLE 

Cytokine secretion 



16/6ld f pCDRI, 16/6fd + reversed 
Cytokine 16/61d, pg/ml pg/m! pCDRI, pg/mi 





800 ± 141 


<60 


806 ± 137 


INFt 


9,000 ± 816 


267 ± 94 


8,000 ±2,160 


TNFa 


470 ± 30 


<20 


590 ± 10 


TGF^ 


2,350 ± 150 


4,300 ± 300 


2.900 ±100 



Secretion of cytokines was determined by ELiSA (see Materials and Meth- 
ods) of supernatants of LNC stimulated with the 16/6ld. Results are of mice 
killed 1 month after booster injection with the 16/6ld {^2 weeks after 
treatment). The result-* are representative of two experiments. 



effects on the clinical manifCvStations as well as on cytokine 

secretion. 

Discussion 

The main findings of the present report are that pCDR'J is 
capable either of preventing experimental SLE or of treating an 
already established SLE-Iike disease. The immunomodulation of 
disease manifestations was shown to be associated mainly with 
a significant down -regulation of the proinflammatory cytokine 
TNFcK and with the up-regulated secretion of the immuno- 
suppressive cytokine, TGF/3. Secretion of the Thl type (IL-2 
and iNFy) cytokines was diminished in mice treated with 
pCDRl for the prevention of disease induction. In mice treated 
with pCDRl, when clinical symptoms were already established, 
Thl- as well as the Th2-type cytokines were immunomodulated 
to levels similar to those detected in healthy mice. 

In the present study, the beneficial effects of pCDRl were 
demonstrated in a model of experimental SLE. That pCDRl 
injected only weekly five times in PBS during the immunization 
period with the 16/6Id for disease induction prevented disease 
development is of great significance, taking into consideration 
that the human anti-DNA 16/6Id used for disease induction is 
a multidcterminant molecule. Indeed, the latter treatment led to 
beneficial effects on all measured clinical manifestations. It is 
noteworthy that the effect of pCDRl was long-lasting because 
the mice were treated at the time of disease induction, and the 
beneficial effects were still observed at sacrifice (about 7-8 
months after treatment had stopped). 

Treating an already existing experimental SLE with pCDRl is 
relevant for application to human disease, because in the latter 
case, treatment can start after patients are diagnosed as afflicted 
with SLE. Note that a relatively brief treatment regimen (10 
weekly injections of 100 ^tg/mouse of the CDR3 -based peptide) 
ameliorated all tested clinical manifestations of the complex 
systemic disease. The benefits of treatment with pCDKl lasted 
for at least 2 months (mice were then killed) without further 
treatment. The CDRl -based peptide was also capable of pre- 
venting the lupus-like disease of (NZBxNZW)Fl mice (12) and, 
furthermore, it could down-regulate the dinical symptoms of an 
already developed disease in the latter SLE-prone mice and in 
MRL/lpr/ipr mice that also develop spontaneously SLE (H.Z., 
E.E,, A. Meshorer, and E.M., unpublished work). The efficacy 
of the peptide based on the CDRl of the murine 5G12 mAb in 
affecting the disease of (NZBxNZW)Fl mice is probably be- 
cause of the high similarity between 5G12 mAB and anti-DNA 
Abs isolated from the SLE-prone mice (13, 14). Auto-Ab- 
derived peptides were recently shown to either delay disease 
onset, prolong survival, or ameliorate disease manifestations in 
(NZBxNZW)Fl mice (15-18). 

It should be noted that both prevention and treatment with 
pCDRl did not abolish completely the production of DNA- 
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Fig. 5. The effect of treatment with the CDRl -based peptide on the cytokine 
pattern. BALB/c mice (20 mice/group) were immunfzed with 16/6 Id and 3.5 
months later injected i.v. or s.c. with pCDRI. Two mice were killed monthly, 
and their spleen cells were stimulated with 16/6 Id. Supernatants were ana- 
lyzed for cytokine secretion. Results are representatives of two experiments. 

specific Abs. Nevertheless, a significant amelioration was deter- 
mined in all of the clinical manifestations that were tested. These 
results are in agreement with our previous publications, in which 
experimental SLE was treated with methotrexate (19), tamox- 
ifen (20), or methimazole (21). Beneficial effects of treatment of 
SLE-prone mice without complete depletion of measurable 
auto- Abs were reported by others as well (22-24). 

Cytokines have been suggested to play an important role in 
immune dysregulation observed in lupus-prone mice and in 
patients with SLE (25, 26). We have previously shown that the 
development of experimental SLE in mice involves two stages: 
first, increased production of Thl-type (IL-2, INF7) followed by 
a significant increase in the secretion of Th2-type (IL-4, IL-10) 
cytokines (associated with decreased levels of both IL-2 and 
INF-y). Approximately 7 months after disease induction, when 
mice exhibit the full-blown disease, secretion of IL-2, INFy, and 
IL-4 is diminished. High levels of the proinflammatory cyto- 
kines, TNFa and IL-1, are detected and maintained throughout 
disease course (11). A shift from Thl- to Th2-type cytokines has 
been reported in SLE patients (27), and it has been shown that 
both Thl- and Th2-type cells are down-regulated with disease 
progression in the patients (28). 

A decrease in IL-2 and INFy has been observed in mice 
treated with pCDRl for prevention of SLE induction. The 
decline in the Thl-type cytokines was for a relative short period 
(about 2 months); nevertheless, it covered the period in which a 
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Thl environment has been shown to be essential for induction 
of experimental SLE (11). INF7 plays a major role in the 
pathogenesis of SLE, Administration of INF7 along with disease 
induction aggravated disease manifestations (29). Further, 
MRL/lpr/lpr mice deficient of INF7 gene (30) or the INF7 
receptor gene (31) were protected from disease development, as 
were (NZBxNZW)Fl mice treated with anti-INF^ Abs (32) or 
INFy-soluble receptors (33). In addition to down-regulation of 
Thl-type cytoidnes, a reduction in TNFa and an increase in 
TGFj3 were observed. Thus, a short course of pCDRl admin- 
istration resulted in a reduced production of the pathogenic 
cytokine TNFa, with a diminished production of IL-2 and INF7 
and an increased secretion of TGFjB. The latter shifts in cytokine 
pattern resulted in the inhibition of disease development. 

The beneficial effects of treating with pCDRI mice with an 
established disease were associated with a significant decrease in 
the secretion of TNFa, This cytokine was reported to accelerate 
the kidney disease when injected to different experimental 
model animals (34); increased TNFo; mRNA was observed in 
renal, splenic, and lung tissues of SLE-prone mice (25, 26), and 
high levels of soluble TNFa receptor were found in the sera of 
active SLE patients (35). Treatment of SLE^affhcted mice with 
either methotrexate or tamoxifen resulted in beneficial effects 
that were associated with a diminished secretion of TNFa (19, 
20). Further, mice with SLE benefited significantly from treat- 
ment with either anti-TNFo: or pentoxiphyllinc that was shown 
to reduce the levels of TNFa (36). It is very likely that pCDRl 
modulates SLE manifestations by down-regulating TNFa pro- 
duction, which results also in restoration of the profile of Thl and 
Th2 cytokines to levels similar to those observed in healthy mice 
(Fig. 5). 
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Treatment with the CDRl-based peptide rcsuhed in a signif- 
icant increase in the secretion of the immunosuppressive cyto- 
kine, TGFjS. Elevated levels of TGFjS were detected in mice that 
were treated with pCDRl either for prevention or for curing an 
established disease. TGFjS-null mice were shown to develop 
autoimmune manifestations that resemble SLE (37), and the 
injection of a TGF/3 cDNA expression vector into the skeletal 
muscle of the lupus-prone MRL/lpr mice decreased auto-Ab 
production (38). Both constitutive and stimulated levels of 
TGF^ are lower in patients with SLE, and the high IgG 
production seen in patients with SLE is attributed in part to low 
levels of TGF^ (39). It is not clear yet whether the elevated levels 
of TGFp down-regulate the pathogenic cytokine TNFa or 
whether the administration of pCDRl results in down-regulation 
of TNFa concomitant with an up-regulation of TGFjS, Never- 
theless, the apparent effect of the immunomodulation of the 
above cytokines is a significant amelioration of the clinical 
manifestations of experimental SLE, 

Treatment of SLE to date is not specific. The corticosteroids 
and immunosuppressive agents used to treat patients affect the 
function of the immune system and could be accompanied with 
severe adverse effects. The CDRl-based peptide, on the other 
hand, was shown to immunomodulate specifically experimental 
SLE that was induced by the pathogenic auto-Ab. It was also 
shown by us to affect beneficially the SLE-like disease that 
develops spontaneously in (NZBxNZW)Fl and in MRL/lpr/lpr 
mice. On the basis of its efficacy in the different models of SLE, 
pCDRl might be considered a candidate for therapy of human 
SLE. 
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SUMMARY 

Two peptides, based on the sequences of the complementarit>'-determining regions (CDR) 1 and 3 of a 
pathogenic murine monoclonal anti~DNA autoatibody that beais the 16/6 idiot>'pe (Id), were shown to 
eitlier prevent or treat an already established systemic lupus erythematosus (SLE) in two murine mod- 
els of lupus. Two additional peptides based on the human monoclonal anti-DNA, 16/6 Id were synthe- 
sized. This study was undertaken in order to investigate the abilit>' of the CDR-based peptides to 
immunomodulate SLE-associated responses of peripheral blood lymphocytes (PBL) of SLE patients. 
PBL of 24 of the 62 SLE patients tested proliferated in vitro following stimulation with the human 16/ 
6 Id. Peptides based on the CDRs of both the human and murine anti-DNA autoantibodies inhibited 
efficiently and specifically the 16/6 Id-induced proliferation and IL-2 production. The latter inhibitions 
correlated with an up-reguiated production (by 2'5-3'5--fold) of the immunosuppressive cytokine, TGF- 
{3. Overall, the results of our study demonstiate that the CDR-based peptides are capable of down-reg- 
ulating in vitro autoreactive T cell responses of PBL of SLE patients. Thus, these peptides are potential 
candidates for a novel specific treatment of SLE patients. 

Keywords CDR-based peptides IL-2 immunomodulation systemic lupus erythematosus 
TGF-{3 



INTRODUCTION 

Systemic lupus eiythematosus (SLE) is an autoimmune disease 
characterized by the production of a variety of autoantibodies, 
impairment of Band T cell functions, cytokines production and 
immune complex deposition accompanied by systemic clinical 
mamfestatlOns (e.g. neurological, dermal, haematologlcal, muscu- 
loskeletal and renal) [i] .The exact pathogenesis of the disease, as 
well as the autoantlgen(s) m SLE, are not yet defined. The com- 
mon idiotype designated 16/6 Id was detected on anti-DNA anti- 
bodies of about 50% of SLE patients [2,3], and its presence was 

shown to correlate with disease activity' [4]. Moreover, peripheral 
blood lymphocytes (PBL) obtained from SLE patients responded 
specifically to 16/6 Id stimulation [3-5]. Previous studies from our, 

laboratory' demonstrated the induction of experimental SLE in 
naive (not SLE-prone) mice by immunization with the human 
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16/6 Id monoclonal antibody (MoAb) or with the murine anti- 
DNA 16/6 Id, 5G12 MoAb [6,7]. The immunized mice developed 
high leve h of autoan tip odles, tpc ludmg antb ocjles beanhg the 16/ 
6Jd,as wellas SLE -related cimida ^mam festatlons (e.g. teukopi^- 
mtd^, rombocytopema and rena^l Iflipafrmen t) [6-8] , Autoanti- 
bodies IS dated from the diseased mice mcliidrng the 5G12 MoAb 
were sbwn to be highly homologous to antiDNA MoAb iso- 
lated froni the SLE-prone (NZB x N2W)F1 mice [9], suppor tmg 
further the Importance oftherd,6/6 Id SLE 

Two peptHeSp^ based ^ on the sequences of the^com|)is- 
men tan ty-determmmg reglOS^R) of th e pa th oge nl c mur fee 

anti-DNA 16/6 Id (5GI2), namely mCDRl and mCDR3, were 

designed and syntheSlZed [10]. Those peptHes were sbwn to be 
Immuno domman t T-ce 11 epitopes m non-au tOlmmune (e,g, 
BALB/c) and lupiis-prone (NZB x NZW) FI mice [10-12]. 

Furthermore, treatment Wih these pep tiles ameliorated the 
SLE-like clinical manifestations and decreased autoantibody pro- 
duction of both, spontaneous (NZB x NZW) F[ and 16/6 Id- 
induced SLE [10,12-15]. Experiments performed with single 
amino acid substituted analogues for mCDRl(39 analogues) and 
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for mCDR3 (17 analogues) as welJ as with truncated peptides 
(either at the N ancl'or at the C-tcrminus), indicated tliat the orig- 
inal mCDRI and mCDR3 were the best immunomodulators of 
SLE associated responses [15,16]. 

To investigate further the role of the CDR-based peptides in 
the treatment of human SLE we have synthesized two additional 
peptides, based on the sequences of CDRs of the human anti- 
DNA Hi/6 Id, namely hCDRI and hCDR3. In the present study, 
we have examined the ability of the murine and the newly syti- 
thesized human CDR-based peptides to inhibit the 16/6 Id spe- 
crnc stimulation (proliferation) of PBL obtained from patients 
with SLE. We demonsti-ate here that the peptides inhibited spe- 
cifically tlie 16/6 Id-induced proliferation. This inhibition corre- 
lated with a reduction in IL-2 secretion and with an up-regulated 
production of the immunosuppressive cytokine, TGF-Zl 

PATIENTS IVIATERIALS AND METHODS 

Patients 

Sixty-two patients, nine males (14-5%) and 53 females (85-5%), 
with SLE participated in our study. The mean age at diagnosis was 
32-95 ± 12-92 (range 12-61) years and the mean follow-up period 
was 10-98 ± 10-76 (range 1-32) years. All patients fulfilled at least 
tour of the American College of Rheumatology (ACR) revised 
diagnostic criteria for SLE [17]. Patients were recruited j5om 
tliree Israeli Medical Centers (Kaplan, Rehovot; Ichilov, Tel 
Aviv; Asaf-Harofeh, Rishon Lezion). Disease activit>- was deter- 
mined according to the SLEDAI lupus activity index [18]. A con- 
trol group of 36 sex- and age-matched healthy control volunteers 
was studied concomitantly with the SLE patients. All participants 
signed an informed consent form prior to the initiation of the 
study. The study was approved by the Ethical Committee of the 
Medical Center. 

Monoclonal antibody 

The human anti-DNA MoAb that bears the 16/6 Id (IgGI/k) has 
been characterized previously [19], The MoAb waJl secreted by 
hybridoina cells that were grown in culture and were purified by 
using a protein G-sepharose column (Pharmacia, Fine Chemicals, 
Uppsala, Sweden) [14], 

Synthetic peptides 

Synthetic peptides based on the CDRI and CDR3 of the murine 
monoclonal anti-DNA 16/6 Id and of the human anti-DNA 16/6 
Id MoAbs [7,19] were prepared as described previously [20]. The 
amino acid sequences of the human and murine CDR-based 
peptides are presented in Table l.As shown in the Table 1, the 



peptides based on the CDR of the human and murine anti- 
DNA antibodies share a significant number of amino acids at 
identical positions. The reversed peptides that were synthesized 
in the reversed order of mCDRI and mCDR3 (revmCDRl; 
revmCDRB) were used as control. 

Proliferative responses 

PBL were isolated from heparinized venous blood by FicolJ- 
Mypaque (Pharmacia) density-gradient centrifugation [21]. All 
assays were performed in triplicate in flat-bottomed microtitre 
plates (Falcon, Becton Dickinson, Oxmard, CA, USA) in whicn 
2x 10^ PBL were cultured in enriched RPMI-1640 as described 
[3]. The PBL were exposed to various concentrations (0,1-40 11^ 
well) of the human anti~DNA 16/6 Id MoAb with and without the 
addition of Ihe various CDR-based peptides. Phytohaemaggluti- 
nin (PHA; 2 J.Lg/wcll)vas used as a control for culture conditions 

at each experiment. The cultures were incubated in 7-5% C02 at 
37*^C for 6 days. Eighteen hours before the cells were hai"vcsted, 
PH]thymidine (0-5 Ji Ci of 5 Ci/mmol) (Nuclear Research Center, 
Negev, Israel) was added to all cultures. Results are expressed as 
the mean thymidine incorporation in counts per minute (cpm) of 
triplicate culture ± s.d., or as stimulation index (SI; the ratio of 
mean cpm at the optimal concentration of the human 16/6 Id to 
the mean cpm in the presence of medium alone). SI 2 was con- 
sidered a positive response [3]. Inhibition (the ratio of mean cpm 
in the presence of the 16/6 Id and various CDR-based peptides to 
the mean cpm with the 16/6 Id without the CDR-based peptide) 
above 50% was considered positive. 

Assessment of cytokine production 

Supernatants were collected 48 h following the initiation of tlie 
cultures and stored at -70''C. IL-2 was determined by using the 
IL-2-dependent CTLL line as described previously [22]. TGF-,B 
was determined by an enzyme-linked immunosorbant assay 
(ELISA). Briefly, plates were coated with the recombinant 
human TGF-,81 sRIIlFc chimera (R&D Systems Inc., Minneapo- 
lis, MN, USA). For detection wc used biotin-labelled anti-human 
TGF-,B antibody (R&D Systems Inc.) [14]. In a separate set of 
experiments, PBL (2 x 105) of the patients were incubated with 
the CDR-based peptides in the absence of the human anti-DNA 
16/61d MoAb. Supernatants were collected after 48 h and tested 
for TGF',B secretion as above. 

Statistical analysis 

Results presented as mean ± s.d. Chi-square, Wilcoxon and t-tests 
were employed for statistical analysis. P::; 0 05 was considered 
significant. 
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Peptides based on the CDRI and CDR3 of the murine autoantibody were designated mCDRi and n)CDR3, respectively, and peptides based on the 
CDRs of the human autoantibody were designated hCDRl and hCDR3. 
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RESULTS 

Proliferative capacity and clinical characterization of 
SLE patients 

It was of interest to find out whether the peptides, based on CDRl 
and CDR3 of monoclonal anti-DNA 1 6/6 Id antibodies, are capa- 
ble of inhibiting the specific proliferative responses of PBL of 
SLE patients to the human 16/6 Id. Furthermore, we wanted to 
compare the inhibitor}'' capacity of the peptides based on the 
CDRs of the murine anti-DNA autoantibody to that of the newly 
synthesized peptides based on CDRl and CDR3 of the human 
monoclonal anti-DNA 16/6 Id (Table 1). To this end, wc first had 
to identify the patients whose PBL could be stimulated to projf- 
erate by the human 16/6 Id. Therefore, PBL of 62 consecutive 
SLE patients were cultured in the presence of the human 16/6 Id 
and their proliferative responses and ability to secrete IL-2 were 
determmed. PBL of 24 of the total of 62 (39%) and of 23 of 55 
(42%) SLE patients tested responded (SI = 2, range 2-5-6) by 
proliferation and by IL-2 secretion .(SI = 2, range 2-60), re^ec- 
tively. The frequency of responders III the group of SLE patients 
was lower than that observed m the group of healthy donors that 
was tested as control. Thus, PBL of 21 of a total of 36 (58%) 
healthy donors responded by proliferation to the 16/6 Id. These 
results are similar to tfiose obtained in our previous studies [3,4]. 
The extent of proliferation (SI levels) was similar for the SLR 
patients and for the healthy controls who responded to the 16/6 

Id. However, the optimal response to the 16/6 Id of PBL of the 

control donors was observd at higer concntrations .of 16/6 I? as 

compared to the SLE patients (Fig. 1). It IS shown III the Fig. 1 
that whereas PBL of most SLE patients responded to the 16/6Td 
at a concentration of 1-10 .uglweli, PBL of healthy controls 
responded mainly to concentrations of 5-20 ,uglwell (P = 0 0 16 for 
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Fig. 1. Concentrations of 16/6 Id required for optlmX stunulatl?n ofBL 
of SLE patients and of healthy controls. PBL were stimulated WItlwanous 
concentrations (o- 1-40 JIg/\vellX>i the 16/6 Id. The concentration Yldding 
the highest stimulation index was defined as optimal tor triggering a pro- 
liferative response. SLE patients; D, healthy controls. 



the 20 ,uglweU dose when numbers of responders out of the 

healthy donors and SLE patients were compared). 

No differences could be demonstrated between gender and 

age of SLE patients that responded to the 16/6 Id and of the non- 
responder group of patients. However, the patients whose PBL 
proliferated in response to the 16/6 Id were sick for a shorter 
period of time (a mean of 9.78 ± 8.36 versus 11.73 ± 12.06 years 
for responders and non-responders, respectively, P = 0.036). 
Table 2 sutmnanzes the clinical characterization of the 16/6 Id- 
specific responder and non-responder groups of SLE patients. As 
can be seen in the Table 2, both groups were similar in most SLE- 
related clinical manifestations. The disease activity score (SLE- 
DAI) and the number of SLE diagnostic criteria were also similar 
in the two groups. Nevertheless, a higher fi-equency of neurolog- 
ical (both siezures and psychosis) and haematological involve- 
ment and a lower rate of renal involvement were noted in the 
responder group of patients in comparison to the group of non- 
responders. However, probably because of the low number of 
patients in the relevant subgroups, the above differences did not 
reach statistical significance. Moreover, relatively less responder 
patients were determined between those treated with either ste- 
roids or cytotoxic agents at the time of the study. It is noteworthy 
that significantly more patients who never received steroids 
responded to the 16/6 Id in comparison to the non responder 
group (54% versus llYo; P = 0.023). 

In vitro inhibition of 16/6 Id-induced stimulation of PBL of 

SLE patients 

The ability- of the peptides, based on the CDRs of the munne 
(mCDRl and mCDR3) and of the human (hCDRl and hCDR3) 
autoantibodies, to inhibit the proliferative responses of PBL of 
SLE patients and of healthy controls to the hiunan 16/6 Id was 

tested. Table 3 summarizes the inhibitory^ capacity' of the peptides. 
Peptides mCDRl, hCDRl and hCDR3 inhibited the proliferative 
response to the 16/6 Id of PBL of a similar number of SLE 
patients (15/19, 16/19 and 15/19, respectively). Peptide mCDR3 
inhibited the proliferation of PBL of fewer patients (6/19) when 
added to cultures of PBL stimulated with the 16/6 Id. The mean 
maximiim percentage inhibition was comparable for all four CDR 
based peptides tested (Table 3). When the ability of the peptides 
to inhibit the IL-2 secretion of PBL stimulated by the human 
16/6 Id was tested mCDRl and hCDRl inhibited the secretion 
by PBL of 23/23 aad 21/23, respectively. Similarly, secretion of 
IL-2 by PBL of 19/23 tested individuals was inhibited by either 
mCDR3 or hCDR3 (Table 3b). Inhibition of proliferative 
responses correlated directly with lL-2 inhibition by the CDR- 
based peptides. Thus, inhibition of IL-2 secretion was observed in 
all cases where inhibition of proliferation were determined. It is 
noteworthy that the efficacy of the CDR-based peptides to inhibit 
the proliferative responses of PBL of healthy donors to the 16/6 
Id was much lower than that obsei^ed for PBL of SLE patients. 
The proliferation of PBL of only four, 10, five and nine of the 18 
healthy controls tested was inhibited by mCDRl, hCDRl, 
mCDR3 and hCDR3, respectively. (Table 3c). The. effect of the 
CDR-based peptides on IL-2 secretlOn by 16/6 Id-stimulated PBL 
of healthy controls was not tested . 

The inhibition of responses of PBL to the human 16/6 Id was 
shown to be specific, because two control peptides that were syn- 

1: blel 

theslzed lllthe reverse d order of mCI^jKl an^mCDR3 (a ) 
couid not inhibit the 1/6 Id-spe][ c pr_ i erative responses. 
Figure 2 represents a typical expenment with PBL of one SLE 
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^ pntients Rp^ipnnflprfi Nnn-rfiffpf>ndfirs 



(a) Diagnostic cht^ia 



No. of psticnts (%) 


\iyjyJ) 


24 (39) 


38 (61) 


Malar rash 


19/62 (30- 1) 


8/24 (33-3) 


11/38 (29) 


Discoid rash 


9/62 (15) 


3/24 (12-5) 


6/38 (16) 


Hiotosensitivity 


21/62 (34) 


9/24 (37-5) 


12/38 (32) 


MucoseJ ulcers 


17/62 (27-4) 


8/24 (33-3) 


9/38 (23-7) 


Arthritis 


46/62 (74'2) 


19/24 (79*2) 


27/38 (71) 


Serositis 


14/62 (22-6) 


5/24 (20-8) 


9/38 (23-7) 


Neurological disorders :f: 


5/62 (8'1) 


4/24 (16-7) 


1/38 (2-7) 


Renal disorder:f: 


24/62 (38-8) 


7/74 (29'2) 


17/38 (44-8) 


JHlsiciuatological disorders^ft 


44/62 (71) 


19/24 (79*2) 




ANA 


61/62 (98-4) 


24/24 (100) 


37/38 (92,1) 


a-dsDNA 


54/62 (87-1) 


19/24 (79'2) 


35/38 (92' 1) 


APLA 


35/62 (56-5) 


12/24 (50-0) 


23/38 (60-53) 


?) Disease activity 








SLEDAI score 


6-65 ±512 


7-29±!3-1>«6 


6-24 ± 0-84 


Number of ACR diagnostic criteria 


5-44 ± 1-39 


5-54 ±0-33 


5,34 ± 0-2 


c) Current treatmentt 








NSA2DS 


17/62 (27-4) 


6/24 (25) 


11/38 (29) 


Anti-malarial 


37/62 (59-7) 


15/24 (62-5) 


22/38 (57-9) 


Steroids:f: 


33/62 (53^) 


11/24 (45-8) 


22/38 (57-9) 




10/62 n6'l^ 


2/24 




'Clinical involvement was defined 


according to the ACR 


revised criteria 


[16]. Anti-nuclear anti 



bodies (ANA) and anti-dsDNA antibodies were determined by Hep2 ceils and Criihidia iuciliae, 
respectively, Anti-phospho lipid antibodies (APLA) were defined as reactivity- in one or more of die 
following assays: false positive VDRL, lupus anticoagulant (LAC) or ELISA for anticardiolipin 
antibodies. 

tThe antimalarial agent, hydroxycWoroqnine, was used at a dose of 200-400 mglday; steroid treat- 
ment was defined as a daily dose - 5 mg of prednisone; cytotoxic agents used were cyclophospbainide 
(O-JS-IO gim': monthly) or azathioprine (100-150 mglday). ;f;Paiaineters for which tendency was 
observed towai'ds differences between the two groups of responder and non responder SLE patients. 



patient. It can be seen that, whereas all four peptides based on 
CDRl and CDR3 of the murine and human anti-DNA 16/6 Id 
inhibited efficiently the proliferative response to the 16/6 Id in this 
SLE patient, neither of the control reversed peptides could do so. 
The specificity of the inhibition by the CDR-based peptides was 
tested further. Thus, because PBL of ail patients who responded 
to the 16/6 Id proliferated to PHA as well, the ability of the CDR- 
based peptides to inhibit tlie latter responses was tested. Figure 3 
demonstrates results of a representative experiment. Neither pep- 
tide could inhibit the proliferative responses to the mitogen, con- 
firming further the specificity of their inhibitory effects (Fig. 3). 

Up-regulation of the secretion of TGF-^ by the 
CDR-based peptides 

Because we have shown that down-regulation of SLE manifesta- 
tions by the CDR-based peptides in murine models is associtited 
with up-regulated secretion of the immunosuppressive cytokine, 
TGF-j3 [14], it was of interest to find out whether incubation of 
PBL in the presence of the latter CDR-based peptides will stim- 
ulate the secretion of TGF-j3. To this end, supernatants of PBL of 
SLE patients that were incubated in culture with the 16/6 Id and 
with either of the CDR-based peptides, were tested for the con- 
tent of TGF-j3. The results aie summarized in Table 4. Tt can be 
seen that in most cases the CDR-based peptides up-regulated 



significantly the secretion of TGF-j3 by the PEL. The up- 
regulation ofTGF-j3 correlated directly with the inhibition of pro- 
liferative responses and IL-2 secretion. The up-regulation of 
TGF-j3 secretion by the CDR-based peptides is specific because 
the reversed CDR-based peptides, used as controls, did not trig- 
ger Uie secretion of TGF-j3 to levels above those observed in the 
presence of the 16/6 Id alone (Fig. 4). 

Thus, the peptides based on the human and murine auto anti- 
bodies are capable of inhibiting the proliferative responses and 
IL-2 secretion of PBL of SLE patients that are stimulated by the 
humiui 16/6 id. The latter correlates with an increased production 
of the immunosuppressive cytokine, TGF-j3. 

It was of interest to find out Vs'hether the various CDR-based 
peptides ai-e capable of up-regulating the secretion of TGF-j3 by 
PBL of the various patients when incubated in the absence of the 
16/6 Id. To this end PBL of a group of patients were incubated 
with the CDR-based peptides. Supernatants of the cultures were 
tested for the content ofTGF-jS. The results demonstrated that in 
the majority of the cases incubation of PBL v/ith the peptides 
caused a moderate but significant increased secretion of 1 -5-30- 
fold compared to the levels of TGF-j3 secreted by cells that were 
incubated m the presence of medium alone. Figure 5 demon- 
strates the results obtained with PBL of a representative SLE 
patient. It is noteworthy that the levels ofTGF-jS secreted by PBL 
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Table 3. Inhibition of 16/6 Id-induced stimulation of PBL by the CDR- 
based pe ptides 



Pejptide 

(a) SLE patients 
mCDRl 
hCDR] 
niCDR3 
hCDR3 

(b) SLE patients 
mCDRI 
hCDRl 

mCDR3 

hCDR3 



Tnhibitorv activity %* 

proliferation 

79 (15/19) 
84 (16/19) 
32 (6/19) 
79 (15/19) 

IL-2 secretion 

100 (23/23)t 
91 (21/23) 
83 19/23) 
83(19/23) 



(c) Healthy controls 

mCDRl 

hCDRl 
mCDR3 



proliferation 

22 (4/1 8) 

56 (10/18) 
28 (5/18) 

50 (9/18) 



64 ± 9 
68 ± 10 
75 ±8 
72 ± 8 

88± 16 
84+31 
58±41 
78 ±34 



68± 10 
58 ± 3 

68± 8 



*The percentage of SLE patients or healthy controls in whom the 
responses of the PBL were inliibited by the CDR based peptides (above 
50% inhibition, as in Methods). Parentheses represent tlie number of 
patients or controls out of the groups tested whose PBL were inhibited. 
tThe mean ± s.d. of percentage raaximum inhibition by the CDR-based 
peptides. Proliferative responses in the presence of the 1 6/6 Id without any 
CDR-based peptide were considered as 100%. :j:IL-2secretion in tide pres- 
ence of 16/6 Id aione was considered as 100%. Inhibition of 50% or more 
was considered significant. 



2000 




Fig. 2, Inhibition of 16/6 Id-stlmulaied proliferation by peptides based on 
the human or inunne anti-DNA autoantibodies. PBL of a representative 
SLE patient were cultured for 6 days in the presence of 1 6/6 Id with or 
witJiout the various peptides based on the human (hCDRl, hCDR3) or 
mm ine (niCDRl, mCDR3) autoantibodies or with the control peptides 
(revmCDRl, r©vmCDR3). For tlie last 18h 0*5p,Ci of [3H]thymidine was 
added. Thereafter cells were hars^ested and radioactivity was counted. 
Results are expressed as mean cpm of triplicates ± s.d D, Medium; D, 16/ 
61d;D, 16/61d-mCDRl; D. 16/61d+ hCDRl; 1 6/6 1 d+ revmCDRl; D, 
16/61d+mCDR3; D, 16/61d+ hCDR3; D, 16/61d+ revmCDR3. 



Table 4. Up-regulation ofTGF-t3 secretion of 16/6 Id-induced stimulation 
of PBL of SLE patients with CDR peptides 



Peptide 


Up-regulation of TGF-B % 


Maximum up-regulation % 


mCDRl 


84 (16/19) 


259 ±240 


hCDRl 


100(19/19) 


305 ±221 


mCDR.3 


89 (17/19) 


269 ± 170 


hCDR3 


100 f 19/19^ 


33 8 ±242 



Secretion ofTGF-f3 in the presence of 16/6 Id aione (mean 636 ± 25 pg! 
ml) was considered as 100%. Results are expressed as percentage secretion 
above that in the presence of 1 6/61 d alone. 



15000 



5000 - 




incubated with the peptide only are lower than those measured In 
siipernatants of PBL that were In culture with tiie 16/6 Id MoAb 
and the CDR-based peptides. Nevertheless, the results demon- 
strate that the peptides are capable of stimulating the secretion of 
the immunosuppressive cj'tokine TGF-0. 



Fig. 3. The CDR-based peptides do not affect the proliferative responses 
to PIIA. PBL of a representative SLE patient were incubated in the 
presence of 2 p;?/ well of PHA and the vanbus CDR-based peptides 
Results are expressed as mean cpm Of tn}? ticates ~ sA D, MediUrn; D.,,. 
PHA • PHA+ mCDRl' D PHA+hCDRl' D PHAt mCDR3' D 
PHA'+ hCDR3. , . , , 



DISCUSSION 

The main fmdings of the present study are that peptides based on 
the CDRs of human and murine pathogenic monoclonal anti- 
DNA 16/6 Id bearing autoantibodies, specifically inhibited the 16/ 
6 Id-indxtced proliferation and IL-2 secretion by PBL obtained 
from SLE patients. This inhibition conelated with up-regulated 
secretion of ttie immimosuppressive cytokine, TGF-fT. To oiu" best 



knowledge this is the first stvidy demonstrating tiie potential of 
CDR-based peptides to down-regulate in vitro SLE-related 
responses of human autoreactive T cells. 

PBL obtained from 24 of 62 SLE patients responded (SI ~ 2) 
to stimulation by the human anti-DNA 16/6 Id autoantibody. The 
rate of 16/6 Id-specific proliferative responses (39%) of PBL of 
SLE patients is similar to our previously reported data [3-5]. We 
have also reported [3-5], as shown in the present study, that tlie 
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Fig. 4. Up-regulated secretion of TGF-,Btriggered by CDR-based pep- 
tides. PBL of a representative SLE patient were cultured with J6/6 Id with 
or withoutthe various CDR-based peptides and the coiiitrol peptides. After 
48 h of incubation supernatants were collected and tested by ELS^ for 

the content otTGF-JB Results are expressed as mean (pg/nil)oftnphcates 
± s,d. D, Medium; D, }6/6Id; D, 16/6Id +mCDRl; imid +hCDRl; 

„, J6/6ld +revmCDRl; D, l6/6ld +mCDR3; D, 16/6ld +hCDR3; 

i6/6Id +revmCDR3. 



500 



400 



300 



200 



100 




Fig.6 The CDR-based peptides tngger PBL «f SLE patients to secrete 
elevated levels of TGF-3PBL (2x 10i/weii) of a representative SLE 
patient were cultured with 25,ug/well (total volume 200aillwell)of the 
various CDR-based peptides. After 48 h of incubation supernatants were 
collected and tested by ELISA for the content of TGF-3J^esults are 
expressed as pg/ml of secreted TGF-,B.E>, Medium; D, jnCDRl; 
mCDR3 ; ISJ, hCDR 1 ; hCDR3 . 



proliferative rate of PBL of healthy controls to stimulation by the 
16/6 id was higher (58%) than that of SLE patients. Low rates of 
proliferative responses to autoantibody variable region peptides 
in SLE patients were also observed by Williams et at [23 J. The 
decreased capacity of PBL of SLE patients to proliferate follow- 
ing in vitro stimulation with 16/6Id may be due in part to an in 



vivo excessive spontaneous response to the 16/6 Id-related net- 
work that leads to the exhaustion of the inrmniune cells. Other 
mechanisms that may account for the low T cell-responsive rate in 

SLE patients are probably related to the dysbalance between Thl 
and Th2 cell tv'pes observed in SLE during the disease course [24- 
26]. Analysis of the clinical characterization of the group of SLE 
patients (Table 2) suggest that renal involvement and immuno- 
suppressive treatment may also contribxjte to the reduced ability 
of PBL of SLE patients to respond in vitro to the 16/6 Id. 

Although PBL of less SLE patients than those of healthy con- 
trols responded to in vitro stimulation by tiie 16/6 Id it is likely 
tlmt Hie former responses were more specific and of higher affin- 
ity, as the concentrations of 16/6 Id that triggered optimal prolif- 
erative responses were lower for most PBL of most SLE patients 
in comparison to those required for PBL of healthy controls 
(Fig. 1). Alternatively, the response to lower 16/6Id concentra- 
tions may be due to the hyperresponsiveness of SLE T cells to 
antigenic stimulation, as was shown recently bv Vratsanos et at 
[27]. 

Studies from our laboratory demonstrated significant benefi- 
cial effects of treatment with mCDRl and mCDR3 in induced 
[10,14,15] as well as in spontaneous (NZB x NZW) F, [13] murine 

SLE It f t t th ft' ft th bTt fth 

was o In eres, ere ore, o.Inves Iga .e e a U y o e 

peptides and of the newly synthcsTzed peptides based on the 
CDRs of the human 16/6 Id ( l able 1) to down-regulate the 16/6 
Id-specific autoreiictive responses of PBL of SLE patients. The 
human CDR-based peptides (hCDRl, hCDR3) inhibited effi- 
ciently the 16/6 Id-induced proliferation and IL-2 secretion of 
PBL of patients. Peptide mCDRl demonstrated a similar inhibi- 
tory effect, whereas mCDR3 was less effective in its inhibitory 
capacity'' (Table 3a,b). Those inhibitions were specific because two 
control peptides, namely reversed mCDRl and reversed mCDR3, 
had no inhibitoiy effects on the 16/6 Id-specific proliterative 
respoases (Fig. 2) and there were no effects of any ofthe mouse or 
human CDR based peptides on PHA-stimulated PBL of SLE 
patients (Fig. 3). The modulating effects of the various CDR- 
based peptides on cytokine production (IL-2 and TGF-,8) by the 
PBL of SLE patients is more prominent than their inhibitory 
effects on proliferation (Tables 3 and 4), reflecting the higher sen- 
sitivity of cytokine secretion in comparison to the proliferative 
responses. 

In contrast to the high rate of inhibition observed for 16/6 Id- 
stimulated PBL of SLE patients, the effects of the various CDR- 
based peptides on PBL of healthy donors was less prominent 
(Table 3c). It is unlikely that the latter is due to insufficient 
amount of inhibitorory peptides because in all cultures (using 
PBL either of SLE patients or of healthy controls) the concentra- 
tion of the CDR-based peldes was at least iO-fol_ higher t.han 
that ofthe 16/6 Id. In addition, for cases where optimal prohfer- 
ations were obsewed with the same concentrations ofthe 16/6 Id, 
a much better inhibition was determined for stimulated PBL of 
SLE patients. Our inhibition experiments suggest that PBL of 
SLE patients and of healthy controls might recognize different 
determinants within the anti-DNA 16/6 Id autoantibody. Thus, T- 
celis of SLE patients recognize and react mainly to the CDRl and 
CDR3 epitopes whereas T cells of healthy donors react probably 
to a variety of epitopes within the autoantibody macromolecule 
and therefore the inhibition of proliferation with the CDR-based 
peptides is less efficient in the controls. 

The inhibitory effects ofthe CDR-based peptides, on 16/6 Id- 
stimulated PBL of SLE patients correlated with up-regulated 
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secietion of TGF-{3 (Talkie 4, Fig. 3). The latter immunosuppres- 
sive cytokine was shown to inhibit IL-l and IL-6 production [28] 
and to suppress IgG production [29]. Both constitutive and stim- 
ulated levels ofTCiF-{3 are low in SLE patients, especially during 
active disease and the high IgG levels seen in those patients is 
attributed, in part, to low levels of TGF-{3 [30]. In animal models, 
TGF-{3 knockout mice were shown to develop SLE-like disease 
[31], whereas up-regulation of TGF-{3 production in the lupus 
prone MRL/ipr/lpr mice decreased autoantibody production [32]. 
Our previous observations also demonstrated that the beneficial 
effects in prevention and treatment of SLE in various animal 
models, following adniinistiation of the CDR-based peptides, 
were associated with up-regulation of TGF-{3 secretion [14]. 

It is not likely that the observed inhibition of the 16/6 Id- 
induced proliferative responses and IL-2 secretion by PBL of 
SLE patients IS due mere ly to MHC blockmg, because the effect 
of the peptides was specific (Figs 2 and 3) and the control peptides 
tha_ were ixown. to. bmd to jtiC class.il on APC of vanous SLE 
patients With a similar affinity (unpublished) to that of the CDR- 
based peptides [3] did not inhibit any of the above responses 
(Figs 2 and 3). Further, the CDR-based peptides stimulated spe- 
cifically the secretion of the immunosuppressive cytokine TGF-{3 
(Table 4, Fig. 3). These peptides might act as partial agonists stim- 
ulating a subset of PBL, such as CD4+CD25+ regulatory T cells 
that were shown to produce TGF-{3 [33] or by activating different 

slgnaHmg pathways alme d at the pro due tlOn of Immunosuppres- 
sive cytokmes (e.g. TGF -fJ) rather than the Th-1 type cytokines 
(e.g. IL-2). Indeed, in our previous studies the beneficial effects of 
the CDR-based peptides on two murine models of SLE were 
associated with a diminished secretion of the Thl-type cytokines 
and up-regulation of TGF- {3 production [13,14]. The fact that an 
elevated release of TGF- {3 could be triggered following incuba- 
tion of PBL with the peptides themselves in the absence of the 16/ 
6 Id-induced stimulation (Fig. 5) suggests that up-regulating the 
latter immunosupressive c^'tokine is a central step in the mecha- 

msm of action of th e CDR -base d pep tti es . 

The peptides that are based on the CDR of the murine anti- 

DNA 16/6 Id autoantibody were shown previously by us to be 
capable of ameliorating experimental SLE in induced and spon- 
taneous animal models [10,13-15]. Because of the observed high 
homology between various pathogenic anti-DNA antibodies [10] 
it is likely that our CDR-based peptides are capable of down- 
regulating other (non 16/6 Id) SLE-related aotoimmune 
responses. The amelioration of SLE-like disease in (NZB x 
NZW) F^ mice by ti-eatment with the CDR-based peptides [13] 
strengthens the latter assumption. A limited number of studies by 
other mvestlgatOTS also demonstraed beneficial effects on SLE 
mamfestatlOns mammal models by peptides based on vanable 
regions of autoantibodies [34-37] or by synthetic peptides that 
can bind and block the reactivity of anti-DNA autoantibodies 
[38]. Recently, Hahn et ai. reported the amelioration of SLE-like 
disease in (NZB x NZW) Fj mice following txeatment with a 
cosensus peptide based on amino acid sequences of murine anti- 
DNA MoAb probably via induction of tolerance in murine 
autoreactive T cells [39]. 

To conclude, we repor t here thafri, CDRl to a lesser degree 
^CDR3 • aii^^t^e new ^ synt.^eSlze^ pepti '^es ^ase^ on t^.e^^i 
anti-DNA 16/6 Id autoantibody (hCDRl, hCDR3), mhlblted 
efficiently and specifically the in vitro 16./6 Id stimulation of PBL 
of SLE patients, apparently via a mechanism similar to that 
observed by us for the animal models. Thus, the above results 



suggest that these peptides might be novel potential candidates 
for specific treatment of SLE patients. 
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ABSTRACT Experimental sy.sfcemic lupus erythemtttosufi 
(S)^E) oiii be Sndiiced ia nalvfi mice by immunizfition with a 
muriae monoclonal antl-DNA antibody (mAb)^ 5G12« th»t 
beans a m^ar idUtty^ dcsigiiiifaBd fd, ^traiti'-depetkdeiiC 
differences wert observed in the. proliC^nifm mponsca of 
lymph node cells of mice immunized with iwo peptides bsixed 
on the ftcquuncTL's of the c:«mp!«meiitarity delermiiiing region 
(CWR) 1 and 3 of mAb SG12. The csipadty of the pi^ptidii^it to 
bind to m:u»r hl!rttt<»inipj9tibili<7 complex class 11 niolecial«>s 
correlated witb thts pruUfurativc n»ipoaKeK« Itmiminizatioti of 
high rci^pondcr strains witb the CDR»based peptides led fit 
producliiin of autojsittibodiii;: »nd clinical manifestaiti<^ni)» 
characteristic to experimental SUE. The Cnf)Y<-bii4»ed peptides 
cfjuld prevent autoantibody production io ueonut^l mice that 
were immun37.€d l»tar either With the peptide or with Uiu 
pathrks>tnic autoiintibody^ Furthermore, the peptides uihibitcd 
specific proliferation of lymph node ccUit of mice iiumunixed 
with the s^me peptide. With inAb5GI2 or with the hummi raAb 
fttiti-DKA^ 1^/^ Id. ThuLs, the COU-based peptides are poten- 
tial candidates for therapy of SLE. 



Sybtcmic kipus erythematosus (SUS) isa di$4i»$e<^!^ractcrizcd 
by the productJon of autoantibodies to nudear pTx>lcin and 
nuctf^ic {ictds, accorapanicd with clinical majiifesiations (tkg., 
!&ukt>p&rua, iiirorahocytopcnia, and kidney damage {!)]. We 
have pfAviouftiy demon5trHC*?d the Induction of experimental 
SLB in naive mice of diff^irent strains fuUnwing their mocu- 
IhUoti with the human anti-DNA mAl^ carryiii^ tlm 16/6 
Idiotype thai wa*^ deL&ctcd in kcth of 54% $Lfi patients witli 
active diKeiisc (2-4), The injected mice had high autoantibody 
levels that include anti-DNA and anti-nticlv'fir protein anti^ 
hi-Jdies, 8« well as 1(5/6 Id"** and aiiti-t6/6 Id ftniib<.idies, which 
indicate thft activation of th« ld/6 idiotypic network in those 
mice. We have further dcmon^tratttd tiiat expcfii^enciil SLIi 
can bo induced In mice of susceptible strains (BALB/c, SIf ^ 
and C3H.SW) following thcjr immuni nation with either a 
murine anti-16/6Id ttiAb (5)or affturiise 16/6 Id* mAb»50l2 
(6). Experimental SLE, although induced in mice that nor- 
mally do not develop any i^mplomK of $LB> vtm fotmd to share 
ftiaturcH with {fiZ^ X NZW)Fi mice that develop die distsstKc 
spontaneously. Tlius, we have demonxtratcd high homology 
between the variable regions coding for the heavy and light 
chains of anti-DNA mAb isolated fr«wn mice jjffJlctcd with 
exptu^mental SLB and the variable regions of anti-DNA mAb 
from (NZB X NZW)F, mice (7). 
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Iti the present article we report the synthesis and charac- 
terization of two peptides that were de>signed based on the 
sequences of The complementarity determining regions 
{CDkjjt) of a pathogenic murine monoclonal nnti-DNA anti- 
body (5G12) that Itenrs the 16/0 Id. Tlu-sse peptides were found 
to trigger T cell proliferation in various naouse strains* and 
induced* upon active immuni/Htion. the formation of autoan- 
tibodies and a mild lisxpcrlmentai SLE in mice. Furthermore, 
when adsniniKtratcd in PBS hito naive mice, the peptides were 
able to inhibit tfie production c>f autoantibodies Hnd T cell 
activation in mice that were eitiier immunised with the$ie 
peptide-^ or with thc^ole pathogenk; antibod^ frwm ii Tnurtne 
or human origin. 

MATERIAL.^ AND METHODS 

Mice. Tlie inbred mouse strains RALB/c and CSlTih/6 
were obtained from Olac (Oxon, U.K,). C3H,SW jmd S/L/J 
mice were obtained from Tlic Jackson Laboratory- Fetnalc 
mice were used at the age of 8-10 weeks. 

Synthetic Peptides, The CDR14iH^icd peptide 
TGYYMaWVKQSPHKSLEWrO (pCDRl) and the CDR3- 
based peptide YYCAR FLWRPYA MDYWGOGS (pCDR3) 
(the CDR& are undcHincd) were prepare<i with an automated 
jsynthesizer (AppJied Bin$ysvtem model 430A) asing the corn- 
pany's protocols for ^-bucyloxycariH^nyl (BOC) strategy (R, 9). 
Peptide p$07 of the human Hcetyldtoline recepior <3f-subunit 

(10) and peptide p27$ from the nu>u)^c hent shock protein 6S 

(11) were used a controls. 

mAhs, The murine mAb 5Gi2 [IgG2a/K; 16/6 id* anti- 
DNA (6)1 and 103 {IgG^H/K; anti'(T,G)-A-T.^ (12)] were used. 
The human lfi/6 nnti-DNA mAb (IgOi /*<) was described (13, 
14). Ctmtrcd human IgG were purchased from 5fgm«, 

Immtinization and Induction of BxperimL^ntnt $LE. Hxper- 
iiueniai Sl^, wan Induced as deiicrihciJ (3» 4), Briefly, mice 
were immunized with 1-2 pig of the human mAb 16/6, or willi 
10-20 ^g of ihc murine mAb SG12 or of the synthetic peptides 
emulsified in complete Freund';} adjuvant (CFA). Thmc w^^eics 
later» the mice received » booster injection of the same dose of 
irmnunogen In aqueous solution. 

l>etectioii of SL&*As»ocuit«c| Cllaical and Pnthoiogicai 
MaiiEfestatlons. Proleinuria was measured by a Kemlquantita- 
tive way, u*iing O'jmbii^tlx kit (Bayer Diagnostics, Slough* 
U.K.). White blcKxi cell were counted following a 10 -fold 
dilution of ihe heparin is&cd blood in disdlled water containing 
}% acetic acid (vol/vol). For intLnunohistology, frozen kidney 
.sections (0 /xm thick) were fixed and stained witii fluore^sccin 



AhljrcviiiliOni>; APC antigen-prcRcnJ,Irtg cells; CDR, complcn^crttiUity 
dtttctrmining region: UKC, lymph nixic oells; MHC wnijor histocam- 
pattbility cnmpicx; SUE, Bystemic lupus erythematosus; CPA, caai- 
pl(Jte FrttunOV adjuvant. 

*To whum reprint rcqucm «ho-uld be addrciiscd. Cxmnil; Umofi5cs(i> 
woizmftni).wciy»n£i nn.acJi. 



4620 



19-t1RR~-2007 BS'IB FROM 972 S 9344173 



TO 089365092 



P. 02 



Immunology; WaWman et al. 

isorhiocyanare-coii;u gated goat antibodies to moufi<5 immuno- 
globulfn G (y-chaift specific; ^igniH). 

Was done afs U*=scribc<f (6). For coating of 
jildtcs, tho folJowing antigen Ciincwntrationa were used; 5 
pt%/m\ of riibbit-anti-iO/6-Id % 10 ^^/m\ denatured caff 
thymus DMA (SigmH), 10 Mg/nil HeLa nudear extract (15). 
and 10 p.%/T{i[ of the human 16/6 Id niAb. 

l«rolir«ratEciki Rcsponsiis of Lympli Node Cells (LNC). LNC 
of immunized mice (0.5 X 10^/wtsll) were cultured in the 
presence of different antigens as described (6), FoUowing 4 
day$ of incubation, pHjtbymidiiie (0.5 ^Ci of 5 Ci/mnio!; I 
Ci = 37 GBq; Nuclear Researdi Center, Nc?g<>v, israci) was 
addf^d. Sixteen hours later, cells were liarvejyitsil and radioac- 
tivity was eoiinttfd. 

0frect Binding of Biotinyiated VtptiAtu (o Antigen- 
l^resenting Cells (APC)» N-tcrminal blotinylation of the pep- 
lid^ WHS performed in 0.1 M sodium ijioirbcmale sotution at 
roon) temperature, with excess of biotinamidocaproiitc N- 
hydnwfysuccinimide ester (Si^nta) (16). Binding of biotmylaied 
peptfd«» 1o spleen ceils was don^ ait deficrib<Kl (17). lliree 
antibodies wtsre v^tid for inhibition of binding: 34-5-3 (nntf* 
I-A^; PharMingen), MKD6 (antt-I-A^; Becton Bicklnson), and 
10,3.6-2 [anti-I-A* (18)]. 

Neonatal Tolerance. BAlLB/c femaie mice, 24 hr old, were 
injected i,p, with 50 fA of 2 ni^ml peptide in PBS - Forty-eight 
hours later, the miee received an additional i.p. injection of 
peptide. Tlie latter were immunircd at the age of 6-8 weeks 
with the peptide or mAii SOU in CPA, as described above. 

Inhibition of LNC Proliferation. For inhibition of LNC 
proMAsraiiont mice were injected i.p, with 200 /xg of p;;ptide In 
PBS, In most experiments injection of peptidefi as mhibiton> 
wa$ performed concomitant with the immunization. Ten dttys 
after the primings LNC were collected and proliferailcm cHr- 
rled out a« <)(^Ut>cd above. 

RESULTS 

LNC Kc!{pnn.ses; Ui the CDK-Based Pep lid e6'. To te^Jt wliethcr 
peptides ba&ed on the sequcneej^ of the CDR of niAb 5G22 can 
trigger T cell reactivity, mice were immunized with pCDRl 
and pCDR3» as well as with mAb Ten days after 

immunization lymph node.s were removed and tested for 
prolifemtion. Tabic I shows the ptolifefative re.<:p<]n4i&'s of four 
mouse strains. As can be seen in Table 1, LNC froin SJL, 
BALB/c» and C3H.SW mice ntspondcd to niAb 5012 hy 
proliferation. LKC of BALB/c mict immunivfed with pCDRl 
pn>hTc5r^itcd very strongly in the presence of pCDRl {T;iblc 1) 
but not in response to pCDR3, On the other hand* pCDR3 
could induco a «tgni£icanl proliferative response in 4»JL and 
C3H.SW mice. LNCof G57BL/6 mice, the only mouse strain 
found to be cornplctcly resistant to SLE induction by b<7Lb 16/6 
Id and anti-l6y6 Td mAb (4, 5), did not proliferate significantly 
to either xnAb 5012 or to Che two CDR-based peptides. No 
significant stimulation above baekgrt^und (S! = r-l.4) was 
observed when the LKC were Incubated in the presence of a 
control peptide, namely p278. Further, LNC of mice injected 



Tftbld 1. Prolif^fAMve re$p0nj»»fi of LnC taken from mice 
Immuni^ted ^ilh mAb 5012 or witht thts CDR>ba^cd peptide^ 
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Rcnulu ntui cxprduutfd ais m/cwn stimulation index (cpm foUhwiog 
stlrnulacian/hiickgroimd Cpm) uf Cfip(icat«ii, and ruprMcnt oait exper* 
Iment out of fbui- cxpertrricitls p«riormed. 
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with p27a did not proliferate to cither mAb 5<jl2or t<i pCDRl 
and pCDR3. 

ft Inding of tine CDTt-Rased Peplidn: to Uve APC* To test the 
abitity of the COK^based peptides to bind to major histixjom- 
patibility complex (MHC) class 11 m<.ilcculcsi the biotinylaced 
pepttde.<i wttrc employed in binding assays u.Cmg Jive APC. Ak 
$een in Table 2, both peptides, pCDRl and pCT>R3, were 
capable of binding to live APC of CSILSW, SJL or BALB/c 
mice. A]tlk)u({h both CDR-bawd peptides were capable of 
binding to APC of C3H.SW mice {11-2% no si^>iiificrtnt binding? 
was detected to APC of Iho H-2 matched strain CS7BL/6 
(Table 2). It is also shown in Table 2 that mm. of the binding 
of peptides pCDRl and pCDR3 U> Kvc APC of the various 
mousu j>(rainswas inhibited by the relevant anti-l»Aatttil)odi«s, 
but not by nonrelevant antibodltsy. 

Induction of Ltkpus-A&sctci^ted Autoantibodies and Clinical 
MaiiifeslfiticmM by innnniijjcalion of Mice with the CDR-Based 
PeptidcK. It W35 of interest to find out wheiijer $L£ could be 
induced using the above peptides. To ihf« end, naive BALH/c 
and SJL mice were Immunized with pCDRl and pCDR3. The 
mice produced iiigh f!nti~pepride antibo^Hes, specific to fhe 
injected pepLide (data not stiown). In iigreement with the LNC 
proliferative responscv; (Table 1), BALB/c and SJL mice were 
hi^h reftpondcrs to the peptides pCDRl and pCDR3, respec- 
tively, producing high levels of anti-4;jnglc.-strandod DNA 
antilxidicb (Fig, 1), The relevance of these peptides to the 16/6 
Id is supported hy die demonstration (Fig, 1^. BALB/c; ami 
d, SJL) that mice immunised with the CDR-bascd peptides 
produced anti-t6/6 fd antibodies, aj^ compared with mice 
injected with a control peptide (/^ < 0.tK)S for BALB/c, and 
P < O.Dl for SJL)» although IhiK reaction is lower than that 
observed following injection with mAb 5G12 (Fi^. 1). As 
previously reported for l<5/6 Id and mAb 50t2 immunized 
mice (3,6), neither binding to tmnrclevant antigen.'? (eg., BSA) 
nor increase in total Ig levels could be ineHJifurcd in sera of the 
peptide immunized mice. 

Mice imtnunlzed with the peplidtss were also te:Ued for 
cllnicfll iiymptoms of 5LE. An seen In Table 3, BALB/c and 
SJL mice Inirjuinizcd with peptides pCDRl at^d pCDR3, 
rc-ipcctivelyi developed proteinuria and leukopenia. In addi- 
tion, a$ $hown in Fig. 2, these rnlcc developed moderate levels 
of immune complex dtjposits in their kidneys in contract to 
mke immunized with the control peptide p27$. 

Neonatal Tolerance Induction Using the CDR-Bascd Pep- 
tides, )n nn attempt to induce tolerance to the pCf>Rl peptide, 
neonatal BALB/c mice w-sre injected i.p, with 100 jitg of the 
peptide in PBS 24 hr and 72 hr al^ter birU^ In pHr«ileK BALD/c 
mice were injected with a nonrelevani peptide, p307 (10). The 
toUsrized mice were immunized at the age of ^ weei« with 
either peptide pCDRl or mAb 5G12. 

As can be seen in Fig. 3» mice toleris&ed wHh pCDRl and 
immunj^ed with dther peptide pCDRl or mAb SG12 sliowcd 

'r«ble Z, Binding of the CDR«ba»ed peptides to MllC qVjlss II on 
live $pl«nic APC 

■Maxiif ^ binding % inhibition 
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Spteaio adherent cells were incubated for t<> lu ai yVC with the 
biotinylaicd pcptittM iw the presence or sbficnce of nnti-Ia mAh. 
i^tained. and analysed thar*jtfl«r iu»* de^fcnbed. 
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SERADILiniONS 

Fio, 1, Antibody IcvoU in tht scia oCmKM^ immunised wiih the CDR-bascri peptides* Sera of individual BAUB/c aiid fr> or SJT. mlcm (c and 
d) immuni2<«I wUh cUhfir mAb (□) or the pcptidi:* pCDRl pCDRS (a), yr p27ft (a) taWiSri 3 months after Ihe booster ii)jeciion« and 
t^x-A of uge matched rmivc mice (S). were tested for amhsingle-iitrandod DNA (d und c) and ftnti^16/6 Id (i& and ii) imtibody tilery. Results axo 
expressed m^^hw Ot> ± SD of each mou:so {^roMp. No ^gniticant hackj;rouTid binding to uncoftied pt^ttcR <OD 2s 0.03) could be iksttictcd wjth 
all sera tested. 



reduced titers of antibodtt!}$ to dthcT DNA (Fig. 3<i) or nuclear 
prottsins (Pig. 3b), ift comj^anson to ihc mouse groups that 
were tolerizec! with the control ptaptidj?^ p307. In addition, 
neonatal tol^srantie with peptide pCDRl greally reduced the 
levels of 16/6 Id^ antibodies in the sera of miw immunized 
with tnAl) 5Gi2, as e^imparcd with mice toierii^cd with rlie 
control peptide (Fig, s^c), 

luhibilJi^n of l^NC iToHferaiioa with tlii' CTm.Based Pep- 
tide$« Next, we siiLernpted to inhibit pro3iferAlion LNC of 
matwre mice using Uie CDR-bascd peptides as inhjbiU>r*>. As 
demon^tn^tted In Fig. 4tf, admin i^^tratioti of 200 of pepUdo 
pCDRl i.p. into BALB/c mice blocked 80-90% of the pro- 
liferative response lo that peptide in mice tl^al were immunized 
with tJie peptide in CFA. A similar inhibition was observed 
when the peptide was injected 3 day« prior to the day <if 
chailenf;e, at the ifny of challenge or whisn the CDR-ba&ed 
peptide was given twieti. Liktiwisc, seen \i\ Fig. 4fe, injection 
of $JL mice with pCDR,^, i.p„ in PBS, inhibited hy 80-*V0% the 
capacity of LNC to proliferate to that peptide. The ccjntrol 
peptide p307 did not affect the pix>]iferat(v& rtaponses of LNC 
of thcjHs mice (Fig. 4). 

To test the effect of the CX>R-basc<l peptides on the immune 
respouj^ U) the whole murine anii-DNA 16/6 Id*** mAb 



(5Gt2), BALB/e mice were injected with peptide pCPJ^L in 
TBS, while SJL mice were injected with peptide pCDE^, 
concomitant with their iminuni^i^tion wilii mAb 5Gi2 in CFA 
Fig. 5 sho>^K that proliferative responses of LNC to th© 
immunizing mAb were significantfy reduced (60% inhibition) 
when pCDRl was Injected l.p. to HALB/c mice, or if peptide 
1>CDR3 was injected i.p. in paS tf.i SJL mice (H5% inhibition). 
LNC of mice immunized with JiiAb 5G12 proliferated also in 
response to the appropriate immimodominant peptide 
(pCDRi for BALB/c and pCDR3 U^x SJL mice), a response 
that was compietefy redw^d wtien the relevant peptide was 
injected concomitant with the immunization with the anii- 
body, in eontra&t^ coiT^cction of a nonrelevanl peptide. p307, 
did not affect the proliferative response to mAb 5Q12 in eitlier 
mouse strain (fig. 5). 

We have prcvs'ousiy deT5sonf>tratcd cross-rtiactivity 011 the 
level of T cell responses between murines and huma[i rnAbK 
bearing the 16/6 Id (6). Therefore, wo tested the ahlJity of the 
CDR-based peptides of the murine mAb SG12 to modulate the 
T ccl! reactivity ii> the human mAb 10/6 Id. Mice were 
1mmunb:cd with the human mAb 16/6 Id tn CFA coneomiUm 
with an Lp. iujeetion of cither pCDRl, pCDRS, or p307. As 
depiaed m V'ig. (kr, hijeeilon of peptide pCDRl to BAKG/c 



Tflble 3. Ciiaical manifiSstfttJon^ of miw immunt/crd whh the CDR-hAned p^piideii 
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FlC. 2. Imi>»unohiiftobgy cf kid ncy sections from mice mimuo izcd 
with the CDS-bascd j>cptidcs. BALB/c ^nd B) and SJL (C and Z>) 
tniijc were tmmiinrwd with eithar pCDRl pCDR3 (C), or ihe 
COftttol peptide p278 (^iiciid /:>). Seven months lalci-, mice were kiiled 
aiid their kidneys removed and Analyzed Cor ibe pF«$£iKC of immune 
vomptex dcpmite as deKcriW. <X400.) 

mice ai thedayof Immunizaiionwith mAb 16/6, inhibited 90% 
of thu proUferative response to the 16/6 Id. Similarly, pCDR3 
inhibited iht [^rt^liferativc response of LNC of SJL origin to 
rnAb 16/6 Id (Fig, 6^). Fig. 6 also demonstrator Uirtl LNC 
taken from BALB/tand SJL mice immunized with niAb 16/6 
Id pmliferated (Si of 2-4) in the presence of the imz«uiio- 
donfsinantppptidefiof mAbSOl^i nj»mely pCDRi and pCT>R3, 
r«6|»ecttvely. The latter prolifetativc r«:j^pnftefi were also in* 
hihiiAd by the relevant CDK-ba.^ed peptides. 

DISCUSSION 

In the prestii«t &tudy« peptides based oi\ the sequence of the 
CDRs of a pathogenic anti-DNA inAb (5012) that bears the 
16/6Id have been shown to be involved in both the intluetion 
ol experimental SLE And the inhibition of the autoimmune 
responseif. 

Hahn and coworkers (19-21) found that « peplide of an 
anti-DNA mAb A6.1 isolated from NZB/W mice was involved 
in pathogenic and Hutoimmune processes in die mice. Thus* 
Immunizalioii of NZH/W mice with the latter CDR2 peptide, 
as ^ctl ^ with a cryptic p<ypx\i^t. of the same antibody, 
increased plasma IcvcIj* uf anti-DNA IgO antibodies, >tcceter- 
atmg immune complex deposition in the kidneys and nephritis 
(22, 23). The differences between the latter rtisulUs ai^d those 
of tolerance experiments rep<')rted here might be due to 
dIffcrcnccK either in the peptides used Or between the expisr- 
imentsi model of induced SLE u$ed by us and the sponuincous 
model of SLE studied by Hahn and coworkers {12^ 23). 

During the negfitive selection in the thymus, most of the T 
cells thai recognize self-antigens are eUminatcd (24). X>ue to 
sonnatie mulationa» peptides that repre&ent the imimunoglob- 
uHrt CDK sequence!^ »re not always presented in the thymus, 
and as h conAe^uence» T cell^ spuclDc to those peptide's may not 
be eliminated, A study utilizing a T cell line ijpeciflc to 3 CDR2 
peptide of a mAb showed that the line did not recognize the 
intact anilbody (25). It w»Jj claimed that the cryptic CDR2 
peptide is pot^Uively selected in the thymus (25). Indee<i» the 
CDR2 in the latter antibody is encoded by a germ line gone 
Kequencci and therefore exists in the thymus. In eontrasti 
CDRl and CDR3 of mAb 5012 used in the pr«»ertt study are 
different from germ line gene sequences (7), and thereCore it 
Is highly probable that peptide* pCr>Rt and pCDR3 are not 
presented in the thymus. 

Peptides pCDRl and pCDR3 induced LNC proliferation in 
various mouse strains. Spccifiaally, peptide pCPRl wa« im- 
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Flo. 3- Neonatal tolcriiaiion using the CDK-basitid peptides <ie- 
cre4Uie aiUoaiitibody xncxa. Mice were tolcrizcd and immunized 
described. Two nto^iths foUowing i!mnunizR!:i<)», mice were bled and 
their sera iwbjected to EUSA experiment? m test the levels of 
anti-single-slranded DNA (a), iiutinudeiU iipUigart? {b), .if)d 16/6 T<l'- 
(c) specific antibodies. gryups indude mice loleriied with piiptidc 
pCDRt .ind immunized with either peplide pCDRl (Q) or with mAb 
5G12 (O), micsj toicrixcd with the nenrelevani peptide p3U7 and 
imi>u»rtiKi;d whh cither peptide pCDRl (■)» er raAb 5012 (•) ant) 
normal BA.LB/C mice (*). Results are expressed as mean C)D r SD. 

munogenie in BALB/c mice» whereas peptide pCDR3 was 
immunogenic in SJL mice (Talile l\ Tfus pattern of profifer- 
ation may be explained by each or those pepsidtzs being the 
imnninodommxnt peplide?^ of mAb 5Gi2 in different mouse 
strains that are susoeptiWe to the induction of experimental 
SLE, and may be the major contributorj^L tci ihc d}^!ease 
indiwjtion rn Ihiit strain. The LNC taken from BALB/c mice 
that were immunized with mAb 5G32 wens ftjund alst^ to 
proliferate ftignificaiitly in the presence of peptides pCDTii 
and pCDK3 {data not shown), su<y;>esting that the mAb is 
processed to present least iht>sc two peptides- oi^ the stu'face 
Qf APC. The latter is supp<^rttjd by our imdlng that MIIC class 
i! molecules on live APC isolated from SJL. or 

BALi^/c mou^e ;;trains were capable of binding both CDR- 
based peptides, pCDRt and pCDR3 (Table 2). 

LNC of C57BL/6 immuni;<e{l mice did not proliferate to the 
peptides, and proliferated oniy weakly to mAb 5012 (Table 1), 
white the H-2 matched mouse strain, C3H.SW. responded by 
proliferation to both CDR peptides and to mAb 5G12. In 
addition* in contrast to C3H.SW mice, APC isolated from 
C5TBL/6 mice did not bind biotinylated pCDRl and pCDR3. 
The latter may be due to a processing defect in mice of the 
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PEPnriOC CONCENTRATION <t*g/we«) 

Tm. 4, In vivo mhibilton oi T.NC pro I Iteration. BALB/c (<t) or SJ1 . 
(t) mj<>s were immunized iii CFA with pCDKl or pCDR3» 
rc»p«cUvBly. The mice were aisu i3ijc<;{«jd (i.f>,) with 200 ^x^; of the above 
trnmunizfrtg peptides In PBS, either 3 days bcf<^rc Immunization (I'J), 
at immunizatiart day (O), or at t>oth d+ii^s (a). Mieii that were not 
treated (■), ot treated with a control peptide, p307 (□) were used as 
conliOls. LNC proliferation was then carrbd Out its dcs«?ribed. Rcsulte 
arc expruifi^Bd 05 mcdi^ cpm of triplicattss. SD values did rtot exceed 

C57BL/6 buckground, as was demonstrated rccentiy tor an 
ben lysoisyrtie peptide (26). The. inability i>f CS7BL/6 to 
pr<i!sent the CDR-bascd pcptidtis and to respond to tho pep- 
tides by LNC proljfeitition may also explain the failure Lo 
induce experimental SLE in thst inousc strain (4). It shouJd be 
noted that as we have previotisiy sliown (17) A^C <>rC>7BL/6 
mice are tiHpable ol binding cfficientiy » pcsptide ihat is a 
sequence of the bunian tieetylchoHne receptor «-»ub(iT)tt 
(pl9S-212). The rejsifiianco of the C57BL/6 moui^e strain to the 
iTiducti<m cit experimentai SLB whs kI$o observed foliowin|[ 
irwmuftizatlon wfth the huTnan anti-Sm mAb 4B4» where 
antj-DKA antibodies were induced in BALB/e, Hm not in 
C57BL/6 mice (27)- I'hui;, il appears that background genius oJ^ 
CS7BI-/6 can confer resi«tance to disease induction by RatL>- 
antibosilti^. 

It has been deini>n»irated that B celt* ure capable of 
pr«KenliiLg peptides from their own antibody to specific T ccHs 
on their MHC e!as» n molecules (28, 29). LNC taken fmm SJL 
ftnd C3H.SW mice immunfeed with pCDRl were found to 
proliferate in the presence of peptide pCDRl and hI!>o peptide 
pCDK3 (data not shown). We siiggeiJt, therefore, time foiiow- 
tng immunization with peptide pCDRl, B cells that produee an 
antibody that is similar or identical to the pHthogenie mAI^ 
5G12 may be activated. In tum» thew B ccllfi present a peptide 
iiimilar or identical to pCDR3 and induce the formation of T 
ceils specific tc3 pCDR3. Therefore, in the induction of expcr- 
{mental SLE, the procesA of epitope spreading (50) may play 
an imponant role. 

PeptidcJii pCDRl and pCDR3 Induced autoantibody pro- 
duction as well as clinical manifestations including kidney 
datnage. The latter corresponded to the ability of the peptide?; 




ANTIGEN CONCENTRATION {tiB^w^U) 

HG. 5. LNC pruliferaiive re3|K>tiiS€S to mAb S012 in mice injected 
i.p. with the CDR-bi«ied peplid<ss. LNC w^jre takiji) Crom BALB/e {a) 
or S.TL {h) mice treated with either pCDRl {&) t>r pCDR3 (^>. 
Proliferation li Jihewn 10 mAb 5Gi2 of LNC taken from mice that wer& 
immuiilsted and not treated {■), miec treated cencomicazit with 
iinnuirtiy^tion with peptide p307 (a) nr with the CDR-bascd peptides 
(n). Proliferalion is also slu^n to the immuttodojt^inaju CDR-bnscd 
peptide ef UMC taken Crem noiUrc<itcd mice (♦) or of mice treated 
with the peptide <0). LNC proliCerulion was then earned out as 
de-iierihed. Eesulti» are exprcKsed as mean cpm of triplicates. SD vatue.^ 
did not exceed 1096. 

to trig^^er LNC to proliferate. These results may suggest that 
the initial tri|>ger for induction of experimental SL£ is a T cell 
rcspon5>c to the pathogenic moiety of the injected mAb. 

In addition to the involvement of the CDR-based peptides 
in disease induction they were shown to be capable of inhib- 
iting Hutoininiuiie rtaSponsdA. Tltufi, irtducliort of tolerance to 
peptide pCDRl in neonatal BALB/c mice inhibited autoan- 
tibody production following immunizacion with either peptide 
pCX>R1 or mAb 5G 12 (Fig. .3). Furthermore, jidmtniHtratlon of 
the CDR-based peptides in PBS could inhibit LNC proiifer- 
atioti to the peptides (Fig. 4)^ ro the pathogenic parental 
ffllU'inc mAb, 5012 (Fig. fi), and lo the original human 
anti-DNA l^f^ Id mAb (Fig. 6). Tl^e inhibition of the prolif. 
eration to the 16/6 Id mny be. due to the crOKK-reaciivity ort the 
T cell level between the murine 16/6 Id^ mAb 50l2 and the 
humnn 16/6 mAb (6). The inhibition of serological manifes- 
tations m well a$ T cell proliferation by the CDR-based 
peptides sugge!»t that ihey might be of potential tor ti^fecific 
therapy of SLE. 

Immunization by either pCl>Rl or pCDR5 leads to the 
activation of peptide-specifre T cells. Similarly, following in- 
jection of a pathogenic mAb, the latter is proceiwjed, and its 
C1^R peptides are presented to specific T cells, This results in 
the form;it!(>n uf anti-peptide antibodies that in turn may cause 
tiic triggering of Hnti-sclf-afttibodies and disease^ of, tho anti- 
peptide T cells induce directly the formation of unti-fidf- 
antibodies leading to disease. 

Peptide pCDRl, when used to induce neonatal tolerance, 
could inhibit the formation of autoantibodies tbl lowing im* 
muniicHlioTi of DALB/c Alice With either the peptide or mAb 
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1-iO. 6, 1-NC proIifefjiKvc responses to the h\imtm mAb 16/6 id iit 
mice injected i.p. with the 03R-bu».d pcpxideii. Ex{>«rimDnts wttri; 
pcrformvO o-s dcficribcd h* the legend U> Fi$, 5. 

5G12 (Fig- 3). Hie latter indicate thni in BALB/c rnice pCDUl 
\& a major T (Table 1) and possibly B cell epitope, and i&- a 
principal paiboffsnic moiety of the antibocly. We also dcmim- 
strated that UHC proliferation to the dommani peptides or the 
whole antibody molecules could bcs abrogatod by injection ol* 
the soluble peptides. The mechaniJiTn by which the s<:>lublc 
CDR-bascU peptides inhibited the LNC pfCliierarion i<i the 
peptides or to the 16/6 Id"^ antibodies h nol clear. We assume 
that the introduction of the immunodominant peptide in a 
soluble form inhibits the induction of ntswly activated T ceils 
specific to It or to similar peptides, possibly by induction of 
anergy, blocking of epitope spreading* ori»hlfting the cytolchie 
profile of the activated T cells. 

In conclusion, this study demonstrates that* without know- 
ing the aatoantigen for SLE, we have prepared peptides based 
on tbti CDR of a pathogenic autoantibody that can Induce 
CXpwrimciAtal SLB and also down regulate the autoimmune 
manifestations when used for tolerance in neonate*) <^r adult 
mice. 
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Peptides based on the complementarity- 
determining regions of a pathogenic 
autoantibody mitigate lupus manifestations 
of (NZB X NZW)Fi mice via active 
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Abstract 

Two peptides based on the complementarity-determining regions (CDR) 1 and 3 (pCDR1 and 
pCDR3) of a murine monoclonal anti-DNA autoantibody that expresses the common idiotype 16/6ld 
were shown to down-regulate systemic lupus erythematosus (SLE)-assocjated T celJ responses 
and to prevent the development of clinical symptoms in the SLE-prone mice, (NZB x NZW)F,, In 
the present study the ability of the CDR-based peptides to treat an already established disease was 
tested. Mice were given 10 weekly injections of peptides either i.v. or s.c. The treatment led to a 
moderate reduction in the anti-DNA autoantibody titer, and a significant decrease In proteinuria 
and kidney pathology. The CDR-based peptides affected the pathogenic isotypes (lgG2a and lgG3) 
of the anti-DNA antibodies in the serum and In Immune complexes In the kidneys. Both peptides 
mitigated disease mantfestattons and prolonged the survival of mice that were treated starting at 
the age of 7 months when fullblown disease was already developed. Furthermore, some beneficial 
effects of treatment with the CDR-based peptides could be adoptively transferred to diseased 
recipients. A reduction in the secretion of iL-2, IFN-y, IL-4 and IL-10 was detected in supernatants 
of splenocytes of the treated mice. In contrast, treatment up-regulated the Immunosuppresive 
cytokine-transforming growth factor~p. Thus the ameliorating effect of the CDR-based peptides on 
SLE manifestations is at least partially via the immunomodulation of the cytokine profile. 



Introduction 

Systemic lupus erythematosus (SLE) is an autoimmune 
disease characterized by the increased production of auto- 
antibodies and defective T cell-mediated responses. The latter 
are associated with various clinical manifestations including 
immune complex depositions in the kidneys and other organs 
(1). Female (NZB x NZW)Fi mice develop spontaneously an 
SLE-like syndrome. Beginning at the age of -3-4 months, 
autoantibodies, including anti-DNA antibodies, are developed 
in these mice and, by 7-8 months, immune complex deposits 
form in the kidneys. Mice die of the disease within 1 year (2). 

Our previous studies have demonstrated that experimental 
SLE can be induced in mice of susceptible strains (e.g. BALB/ 
c. SJL. C3H.SW) following their immunization with anti-DNA 
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monoclonal autoantibodies that express a major idiotype 
designated 16/6id of either human or mouse origin (3,4). 
Experimental SLE, although induced in mice that normally do 
not develop any symptoms of SLE, was found to share 
features with the disease of (NZB x NZW)Fi mice that 
develops spontaneously. Thus, high homology was demon- 
strated between the variable regions coding for the heavy and 
light chains of anti-DNA mAb isolated from mice afflicted with 
experiirnental SLE and the variable regions of anti-DNA mAb 
from (NZB x NZW)Ft mice (5-7). 

We have previously shown that two peptides based on the 
sequences of the complementarity-determining regions {CDR) 
1 and 3 of a murine anti-DNA le/eid-" mAb designated mAb 
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5G12 (8) were capable of inhibiting specific proiiferation of 
lymph node cells of mice immunized with the same peptide, 
with the murine mAb 5G12 or with the human mAb anti-DNA, 
16/6ld. Furthermore, the CDR-based peptides could prevent 
autoantibody production in neonatal mice that were immu- 
nized later either with the peptide or with the pathogenic 
autoantibody. We have recently shown that pCDRI adminis- 
tered in PBS couid either prevent or down-regulate experi- 
mental SLE induced in naive mice by affecting the production 
of autoantibodies and the severity of the clinical manifest- 
ations, including kidney damage (9). Moreover, in a previous 
work we have reported that the CDR-based peptides couid 
prevent the spontaneous development of SLE in (NZB x 
NZW)Fi mice. Both peptides. pCDR1 and pCDR3, given in 
PBS to 2-month-old (NZB x NZW)Fi mice reduced the levels 
of anti-DNA autoantibodies and the clinical manifestations, 
including kidney damage, in the treated mice (10). 

The above line of evidence prompted us to investigate 
whether the CDR-based peptides might be of therapeutic 
benefit in the treatment of an already established clinica! SLE- 
like disease in (NZB x NZW)Fi mice. We report here that both 
peptides, pCDR1 and pCDR3, given in PBS to (NZB x 
NZW)Fi mice with lupus-like manifestations down-reguiated 
autoantibody production as well as clinical symptoms. The 
beneficial effects of treatment were associated with a dimin- 
ished production of the Th1 -type cytokines (IL~2 and IFN-y) as 
weil as Th2-type cytokines (IL-4 and IL-10), whereas secretion 
of the immunosuppressive cytokine transforming growth factor 
(TGF)-(i was elevated. Further, the beneficial effects of 
treatment could be transferred to diseased recipients by 
splenocytes of young (2-month-old) mice that were treated 
with either pGDRI or pCDR3. Up-regulated levels of TGF-p 
could be detected in supernatants of splenocytes of peptide- 
treated mice. 



Methods 

M/ce 

Female (NZB x NZW)Fi mice (6-8 weeks oid) were obtained 
from the Jackson Laboratory (Bar Harbor, ME) and maintained 
under standard conditions in the animal facility of The 
Welzmann Inst'rtute of Science, 

Synthetic peptides 

The peptides based on the CDR of the murine anti-DNA, 16/ 
6ld mAb (5G12) v^ere used in the study. The CDR1-based 
peptide TGYYMQW VKQSPEKSLEWIG (pCDR1) and the 
CDR3-based peptide YYCAR FLWEPYAMPY WGQGS (pCDRS) 
(the CDR are underlined) were synthesized with an automated 
synthesizer (model 430A; Applied Biosystems, Weiterstadt. 
Germany) using the company's protocols for the t-BOC strategy 
(11). A peptide synthesized in the reversed order of pCDRI 
(GIWELSKEPSQKVWQMYYGT) was used for control. 

Treatment of mice with the CDR-based peptide 

Groups of (NZB x NZW)F-t mice at the age of 5-7 months were 
treated with either pCDR1 or pCDRS. Control groups were 
treated with either the vehicle, PBS, only or with the controi 
peptide, reversed pCDRI . Various concentrations (100, 250 or 



500 |ig/mouse) of the peptides were administered into the 
mice in PBS either i.v. or s.c, once a week for 10 weeks. 

Transfer of spleen cells from animals treated with the CDR- 
based peptides 

(NZB X NZW)Fi female mice (8-10 weeks old) received three 
s.c. injections (every other day) of 300 \ig of pCDRI , pCDRS or 
the control reversed pCDR1. Thereafter, spleen cells were 
harvested and injected Lp, (20 x 10®/mouse) into 8-month-old 
(NZB X N2W)Fi recipients. The mice were followed for the 
presence of dsDNA~s pacific antibodies, proteinuria and 
immune complex deposits. 

EUSA 

For measuring anti-dsDNA antibodies, 96-well Maxisorb 
microtiter plates (Nunc, Roskllde, Denmark) were coated 
with poly-L-lysine (Sigma, St Louis, MO). The plates were then 
washepi and coated with a. phage dsDNA (Worthington 
Biochemical, Lakewood, NJ). After incubation with different 
dilutions of sera, goat anti-mouse IgG (y chain specific) 
conjugated to horseradish peroxidase (Jackson 
ImmunoResearch, West Grove. PA) was added to the plates. 
For the determination of anti-DNA antibodies of various Ig 
isotypes, horseradish peroxidase conjugated to goat anti- 
mouse 7I, y2a, y2b or 73 chain-specific antibodies (Southern 
Biotechnology Associates, Birmingham. AL) was used. Plates 
were then incubated with the substrate, ABTS [2,2'-azino-bis 
(3-ethylbenzthiazoline-6-sulfonic acid); Sigma] and read at 
405 nm using an ELlSA reader. 

Detection of proteinuria 

Proteinuria was measured by a standard semi-quantitative 
test, using an Albustix kit (Bayer Diagnostic, Newbury, UK). 
Results were graded according to the manufacturer as: 
negative, + = 0.3g/l, = 1g/l, +++ = 3g/I or ++++ = ^20g/l. 

Immunohistofogy 

Mice were sacrificed at the age of 8-9 months, and kidneys 
were pemoved and frozen immediately in liquid nitrogen. 
Frozen cryostat sections (5 nm) were air-dried and fixed in 
acetone. For the detection of Ig deposits, sections were 
incubated with FITC-conjugated goat anti-mouse IgG (7 chain 
specific) (Jackson ImmunoResearch). For the determination of 
the various Ig isotypes FITC-conjugated goat anti-mouse 
lgG2a (72a chain specific) or IgGS (78 chain specific) 
antibodies (Southern Biotechnology Associates) were used. 
Staining was visualized using a fluorescence microscope. 

Histopathology 

Mice vvere sacrificed and their kidneys were preserved frozen 
at -70°C, and then trimmed and routinely processed for light 
microscopy. Paraffin-embedded, 5-)xm thick sections were 
stained with hematoxylin & eosin. Lesions were scored using 
semiquantitative grading as follows: 0 = no lesions, 1 = 
minimal lesions, 2 = mild lesions. 3 = moderate lesions and 4 ~ 
severe lesions. Histopathology was evaluated with the path- 
ologist blinded to whether mice belonged to treated or 
untreated groups. 



Active suppression of lupus manifestations by peptides 207 



Table 1. Comparison of the effects of the i.v. and s.c. treatment protocols* 



Treatment 


Antl-dsDNA 


Proteinuria 


Average intensity of immune 




(OD ± SEM)'* 


(g/l ± SEM)c 


complex deposits (± SEM)'* 


Untreated 


0.89 ± 0.1 


9.74 ± 1.14 


2 ± 0-18(10)"^ 


pCDR1 100 \ig i.v. 


0.58 ± 0.1 


0.45 ± 0.4« 


1.3 ± 0.89(10) 


pCDRl 250^9 i.v- 


0.87 ± 0.1 


1.36 ± 1.26^ 


0.3 ± 0.5^ (9) 


PBS s.c. 


1.10 ± 0.2 


11 ± 3.01 


2.4 ± 0.3 (10) 


pCDR1 100 tig s.c. 


0.88 ± 0.1 


0.84 ± 0.42' 


0.88 ± 0.35"^ (9) 


pCDRI 250 HQ S.C- 


0.74 ± 0.1 


2.69 ± 1.96i 


1.05 ± 0.33" (10) 



^Representative of two experiments. 

'^'Dilution of sera 1:250. Results are of sera from mice that were bled after the end of treatment. 

^^Proteinuria was always measured at about the same time of day and alt mice in an experimental cohort were tested together. Results are of 
mice at the age of 7 months. 
^Immune complex deposits were assessed at sacrifice when mice reached the age of 8 months. 
«-^P < 0.01 as compared to the untreated group. 
'JP< 0.01, "^''P < 0.04 as compared with the PBS treated group. 

""Numbers in parentheses are of animals/group and apply for ali evaluated manifestations. 



Cytokine production by spfenocytes 
Spleen ceils (5 x io^/ml) of the tested mice were incubated 
with either enriched medium only or concanavalin A (Con A; 
2.5 [ig/ml).Supernatants were removed after 24 h and 
analyzed for cytokine content. IL-2. IFN-y. IL-4 and IL-10 
were determined by ELISA using OptEIA sets (PharMingen. 
San Diego, CA) and according to the manufacturer's instruc- 
tions. For detection of TGF-^, plates were coated with a 
recombinant human TGF-p sRIt/Fc chimera. Supernatants 
were added after activation of latent TGF-pi to immunoreac- 
tive TGF-p 1 according to the manufacturer (R&D Systems) A 
standard recombinant TGF-pl was used as well. Thereafter, a 
biotinylated anti-human TGF-p 1 antibody was added and the 
assay was developed according to the manufacturer's 
Instructions (R & D Systems). 

Detection of Intracelluiar cytoi^ines 

Single-cell suspensions of spleens were exposed to a 
Cytoperm kit (Serotec, Oxford, UK) according to the com- 
pany's protocol. Thereafter, cells were incubated with the 
appropriate ant'i-cytoklne-FITC conjugated antibody. Cells 
were assessed by a FACScan cytometer and the data was 
analyzed using Lysys software. 

Statistical analysis 

To evaluate the significance of the difference between 
untreated and treated groups, the Student's Mest and the 
non-parametric Mann-Whitney test were used. Values of 
P 0.05 were considered significant. 



Results 

Effect of treatment with pCDR1 using different routes 

We have previously shown that treatment of (NZB x NZW)Fi 
mice by administration of either pCDR1 or pCDR3 at the age of 
2 months either prevented the development of the SLE-IIke 
disease or resulted In a milder disease in the treated mice (10). 
It was of interest to find out whether treatment of (NZB x 
NZW)Fi nnice at the age of 5 months, when SLE clinical 
symptoms are already detected, will affect the disease course. 



To this^end, (NZB x NZW)Fi mice at the age of 5 months were 
injected with pCDRI (100 or 250 jig/mouse) either I.v. or s.c, 
once a week for 10 v^^eeks. A group of mice was treated 
similarly with the vehicle only. Animals were monitored for the 
presence of anti-dsDNA autoantibodies, levels of protein in the 
urine (proteinuria) and immune complex deposits in their 
kidneys. Table 1 demonstrates representative results of such 
an experiment. As shown in Table 1 , i.v. treatment with 100 jig/ 
mouse of pCDR1 resulted in a moderate reduction in anti- 
dsDNA antibody titers. Subcutaneous treatment either with 
100 or 250 jig/mouse led to a similar reduction in the anti-DNA 
autoarTlibody titers (Table 1). Both administration routes led to 
a significant reduction in proteinuria and in the immune 
complex deposits in the kidneys of the pCDRI -treated mice 
(Table 1). Thus, analysis indicated that 50-55% of the kidneys 
in the groups of pCDRI -treated mice were completely free of 
immune complex deposits. Kidneys of the additional mice in 
the treated groups had immune complexes of lower intensity 
than in the control groups. Thus, both routes of administration 
of the pCDRI are similarly effective in down-regulating the 
clinical symptoms of the SLE-like disease in the (NZB x 
NZW)Ft mice. Therefore, in further experiments the s.c. route 
was used. 

Treatment of mice by s.c. administration of pCDR3 at a dose 
of either 100 or 250 ^.g/mouse ameliorated the clinical 
manifestations similarly to pGDR1. Thus, levels of proteinuria 
were lower by 75-90% of those in the PBS-treated groups. 
Furthermore, in comparison to average intensity of immune 
complex deposits of 2 ± 0.37 in the group of PBS-treated 
mice, values of 1 ± 0.27 (P = 0.02) and 1 ± 0.42 (P = 0.04) 
were determined for kidneys in the groups of mice treated with 
100 and 250 ^.g/mouse respectively. 

Peptides pCDR1 and pCDR3 ameliorate specifically the 
$LE-lii<0 disease in (NZB x NZW)Fi mice 
The specificity of the beneficial effects of pCDRI and pCDR3 
was also tested. Thus, groups (10 mice per group) of 5-month- 
old (NZB X NZW)Fi mice were treated s.c. with 250 {xg/mouse 
of the CDR-based peptides or with a control peptide (reversed 
pCDR1) weekly for 10 weeks. As can be seen in Table 2. a 
decrease in antl-dsDNA antibody titer was determined in the 
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Table 2. Treatment with the CDR-based peptides down-regulates specifically the clinical manifestations in (NZB x NZW)Fi 

mice^ 

Treatment Anti-dsDNA Proteinuria Average intensity of immune 

(OD ± SEM)*^ (g/l ± SEM)^ complex deposits (± SEM)^^ 

Untreated ^^2 ± 0.2 10.32 ± 5.59 2.40 ± 0.4 

Reversed CDR1 250 jig 1.17+0.1 10.32 d: 3.66 2.75 ± 0.25 

pCDRI 250 jug 0.59 ± 0.1® 0.94 ± 0.53^ 1.60 ± 0.4^ 

pCDR3 250 ^ig 0.85 ± 0.2 1.04 ± 0.453 1,33 ± o.49' 

^Representative of two experiments. 

'^Dilution of sera 1:250 of mice that were bled 1 month after the end of treatment 
^proteinuria was nneasured at the age of 7 months. 

^Mice were sacrificed at the age of 8 months and their kidneys were analyzed. 
< 0,05 as compared with the control groups. 
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Fig. 1. Reduction of anti-DNA autoantibody titers. (NZB x NZW)F-. 
mice were treated with either PBS or the CDR-based peptides (A) 
pCDR1 or (B) pCDR3 starting at the age of 5 months (s.c, 250 \xq/ 
mouse). Mice were bled monthly and sera of individual mice were 
tested for anti-DNA antibody titer [total IgG and the various isotypes 
(sera dilution 1:40) as described in Methods]. Results are of sera of 
mice that were bled shortly after treatment and are representatives 
of three individual experiments. 



sera of the treated nnice as compared to either untreated mice 
or to mice that were treated with the reversed pCDR1 . Table 2 
also shows that the treatment with the CDR-based peptides 
significantly decreased the levels of proteinuria and severity of 



immune complex deposits in the kidneys (P < 0.05 for both 
pCDR1 and pCDR3 treatment protocols as compared to the 
untreated and reversed pCDRI -treated groups). 

Treatment of (NZB x NZW)Fy mice with pCDR1 and pCDR3 
down-regulates tfie pathogenic isotypes of the anti-DNA 

autoantibodies 

it was of interest to find out whether the reduction In anti-DNA 
autoantibody titers could be attributed to one or more of the 
(gG isotypes. Therefore, in addition to the total anti-DNA 
antibody detected in sera of individual mice, the sera were 
tested for the presence of anti-DNA antibodies of the various 
isotypes. Representative results are shown in Fig. 1 . It can be 
seen in Fig. 1(A) that treatment with pCDRI resulted in a slight 
decrease in anti-DNA antibodies of the lgG2a isotype, 
whereas the decrease in antibody titers of the lgG2b and 
lgG3 isotypes was much more pronounced. Figure 1(B) shows 
that treatment with pCDR3 led to a decrease mainly in the 
igG2a and igG2b antibody isotypes, and a very mild decrease 
in the lgG3 isotype. Similar results were obtained in three 
independent experiments. 

immunohistcbgy examination of the immune complex 
deposits in kidneys of mice that were treated with the CDR- 
based peptide showed that the reduction in total IgG Immune 
complex deposits could be also observed in the im^mune 
complexes of lgG2a and igG3. Thus, it can be seen in Fig, 2 
that treatment with pCDRI (Fig. 2B) and pCDR3 (Fig. 2C) 
reduced the intensity of immune complex deposits, as 
compared to treatment with PBS (Fig. 2A), when the latter 
were assessed with antibodies to total IgG as well as with 
antibodies to lgG2a and lgG3. 

Histopathofogicaf evaluation of kidneys of untreated (NZB x 
NZW)Fi mice and of mice treated with the CDR-based 
peptides 

The histopathological findings are presented in Table 3 and 
Fig. 3. Three components of renal pathologicai changes were 
evaluated: glomerulosclerosis, nephropathy and interstitial 
lymphocytic infiltration. Glomeruloscierosis was diagnosed 
when the glomerular basement membrane appeared thick- 
ened. The process involved hyaline obliteration of the 
glomieruli, transforming them into aceilular eosinophilic 
masses (crescentic formation). Nephropathy diagnosis was 
determined v^hen the renal tubules appeared atrophic or 
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Rg. 2. immunohrstology examination of immune complex deposits of total and IgG isotypes in kidneys of (N2B x NZW)Fi mice that were 
treated with the CDR-based peptides. Frozen cryostat sections (5 j^im) of 8-month-o!d (NZB x NZW)Fi mice were air dried, fixed in acetone 
and stained with FITC-conjugated to goat anti-mouse IgG {y chain specific), goat anti-mouse lgG2a (72a chain specific) or goat anti-mouse 
lgG3 (76 chain specific). Representative kidney sections of (A) PBS-treated mice. (B) pCDRI -treated mice and (C) pCDRS-treated mice 
(X400). 



Table 3. Histopathoiogical findings in kidneys of (NZB X NZW)Fi mice 



Treatment 


Glomerulosclerosis 


Nephropathy 


Interstitial lymphocytic 
Infiltration 


PBS 


2.15 ± 0.38 


2.54 ± 0.43 


1.38 ± 0.33 


pCDRI 250 \iQ 


1.00 ± 0.353 


1.22 ± O-SS-^ 


0.30 ± 0.21^ 


pCDR3 250 iLQ 


0.88 ± 0.30'' 


1.22 ± 0.36^ 


0.33 ± 0.23^ 



Histopathoiogical findings: paraffin-embedded, 5-iJim thick sections were stained with hematoxylin & eosln. Histopathoiogical findings were 
evaluated in three components of renal pathological changes: glomerulosclerosis, nephropathy and interstitial lymphocytic infiltration. 

Microscopic evaluation: histopathoiogical changes were graded on a scale pf 0-4 and in ascending order, according to the degree of 
severity as shown: 0 = unremarkable, 1 = minimal, 2 = mild. 3 = moderate and 4 = marked changes. For final evaluation, the mean value for 
severity of each observed lesion was calculated. 

^'^P < 0.02; '^P < 0.04; ®'*P < 0.03 as comparGd with the PBS-treated group. 



regenerative, basophiiic, having dilated lumen with presence 
of proteinaceous casts. The term interstitial lymphocytic 
infiltration was applied to define the presence of scattered 
and discrete interstitial lymphocytic and other mononuclear 
cell aggregations, present at the medullary regions. Increased 
severity of glomerulosclerosis and nephropathy was accom- 
panied by dissemination of lymphocytic infiltration within 



cortical and medullary regions. The mean severities of the 
histopathoiogical findings are presented in Table 3, The 
incidence and, in particular, the severity of these parameters 
were significantly reduced in the groups treated with the 
peptides, as compared to the group treated only with PBS. In 
particular, the severities of glomerulosclerosis and nephro- 
pathy, which are characteristic components of the spontan- 
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eous glomerulonephritis in (NZB x NZW)Fi mice, were mice that were given the vehicie, PBS, only (Fig. 3A and B) 
prominently reduced in the pCDR1- and pCDR3-treated and of mice treated s.c. with 10 weekly injections of either 
mice (Table 3). Rgure 3 demonstrates kidr^y sections of pCDR1 (Fig, 3C) or pCDR3 (Rg. 30), Figure 3(B) represents a 




Fig. 3- Histopathclogy of kidney sections of (NZB x NZW)F-, mice untreated or treated with the CDR-based peptides. Groups (10 mice per 
group) of 5-nrionth-oid (NZB x NZW)Fi rr.ice were treated s.c. with PBS only (controls) or with 250 ^g/mouse of either pCDRI or pCDR3 in 
PBS. The mice were treated once a week for 10 weeks- Paraffin-embedded, thick sections of kidneys of mice that were sacrificed at the 
age of 8 months (~2 weeks after the end of treatment) were stained with hematoxylin & eosin. (A) A kidney section of a mouse given the 
vehicle, PBS, only. Immune glomerulonephritis, (a) Cresentic formation: thickening of Bauman's capsule and glomerulosclerosis, (b) Interstitial 
nephritis (lymphocytes and other mononuclear cells), (c) Protein casts in the fumen of the tubuli. Late stage. (B) A kidney section of a mouse 
given the vehicle. PBS. only, Mesangial ceil proliferation (mesangiaf proliferative glomerulonephritis). Early stage. (C) A kidney section of a 
mouse that was treated v/ith the CDR1 -based peptide. Normal pattern of kidney tissue. (D) A kidney section of a mouse that was treated with 
the CDRS-based peptide. Normal pattern of kidney tissue. Hematoxylin & eosin (x350). 



Table 4. Treatment of 7-month-old (NZB x NZW)F^ mice with the CDR-based peptides reduces the clinical manifestations of 
their SLE-like disease 



Treatment 


Antr- dsDNA 
(OD ± SEM)« 


Proteinuria 
(g/l ± SEM)b 


Intensity of immune 
compfex deposits {± SEM)'= 


Sun/ival [n {%)] 


PBS treated 


1.49 ± 0.3 


12.53 - 3.06 


2.25 i 0.25 


4/1 1 (36%) 


pCDR1 250^9 


1.07 ± 0.1 


1.80 ± 0.41^ 


1.00 ± 0.379 


8/10{80%)i 


pCDRI 500 m 


1 .01 ± 0.2 


4.41 ± 2.27 


1.40 ± 0.6 


5/10 (50%) 


pCDRS 250 


1.02 ± 0.1 


1.17 ± 0.45« 


0.77 ± 0.32^^ 


9/1 1 (82%)K 


pCDR3 500 


0.91 ± 0.1 


0.65 ± 0.35f 


0.75 ± 0.31' 


8/10(80%)' 



^Results are of sera from mice that were bled 1 monUn after the end of treatment. Dilution of sera 1:250. 

^Proteinuria was always measured at about the same time of day and all mice in an experimental cohort were tested together. Results are of 
mice at the age of 8 months. 
'^Immune complex deposits were assessed at sacrifice when mice reached the age of 9.5 months. 
"^-•P < 0.02; 9-'P < 0.04; i^P < 0,05 as compared with the PBS-treated group. 



kidney of a mouse with early stages of giomerulonephritts 
characterized by mesangial ceil proiiferation, whereas 
Fig. 3(A) depicts a kidney section of a mouse with a severe 
l<idney damage: (a) gionnerulosclerosis, (b) interstitial nephritis 
and (c) cast formation. The histological analysis of kidneys of 
mice treated with the CDR-based peptides (Fig. 3C and D) 
shows a normal pattern with no morphological changes. 

Treatment of 7-month~o!d (NZB x NZW)F^ mice with tiie 
CDR-based peptides ameliorated SLE manifestations at the 
advanced stage 

We have further tested the ability of both CDR-based peptides 
to mitigate the SLE-like manifestation in aged (NZB x NZW)Fi 
mice that suffer already from severe clinical manifestations. To 
this end 7-month-old (NZB x NZW)Fi mice in which high levels 
of dsDNA autoantibodies and high proteinuria have been 
detected were treated with the peptides once a week for 10 




TCFp 

Fig. 4. The effect of treatment with the CDR>based peptides on the 
cytokine profile. Five-month-old (NZB x NZW)F.j mice were treated 
with either pCDR1 or pCDR3, 250 ^g/mouse given s.c. in PBS. once 
a week for 10 weeks. Mice were sacrificed after 5 weeks and at the 
end of treatment, and the cytokines secreted by their Con A- 
stimulated splenocytes were measured by ELISA as described in 
Methods. Summary of results of Wo experiments, obtained with 
supernatants of mice sacrfficed after 5 weeks of treatment. *P< 0.05 
as compared to untreated groups. 
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weeks by the administration of either 250 or 500 p.g/mouse s.c, 
in PBS. Control mice were treated with PBS alone. Table 4 
shows that, in addition to the observed reduction in dsDNA- 
specific antibody levels in all treated groups, lower proteinuria 
levels were measured as well. Beneficial effects were also 
observed when immune complex deposits were determined 
as demonstrated in Table 4. It is also shown in Table 4 that the 
survival rate was significantly higher in the groups treated with 
250 |ig of pCDR1 and with 250 and 500 of pCDR3 when 
compared to PBS-treated animals. Thus, >60% of the PSS- 
treated mice died before the last injection, whereas most of the 
treated mice survived and either were healthy or had mild 
disease manifestations. It is noteworthy that "in the present 
experiment mice were treated with the 250 |ig dose that was 
used in most experiments and with a higher dose of 500 \xgl 
mouse. Nevertheless, the results indicate that the 250 [ig dose 
is efficient enough in ameliorating disease manifestations. 

Treatment of (NZB x NZW)F-, mice with the CDR-based 
peptides affects their cytokine profile 
Imbalance in the cytokine network plays an important role in 
the induction and development of experimental SLE (12-14). It 
was therefore of interest to find out whether treatment with the 
CDR-based peptides affects the cytokine production by 
splenocytes of the treated mice. Thus, 5-month-old (NZB x 
NZW)F-t mice (10-12 mice per group) were treated weekly for 
10 weeks with 250 p,g/mouse of either pCDRI or pCDR3 given 
s.c. in PBS. 

Groups of mice were sacrificed after 5 weeks of treatment 
and at the end of treatment, and the cytokines secreted by 
their Con A-stimulated splenocytes were measured. Figure 4 
demonstrates the cytokine secretion by splenocytes of 
untreated mice, and of pCDR1- and pCDRS-treated mice as 
measured following 5 weeks of treatment. It can be seen in 
Fig, 4 that the treatment reduced the secreted lL-2 and IFN-y 
(Th1~type) as compared to the untreated group. A lower 
production of IL-4 and IL-10 (reported to play a role in the 
pathogenesis of SLE) was also observed in the groups of mice 
treated with the CDR-based peptides. In contrast to the down- 
regulation of the Tf^1- and Th2-type cytokines, the secretion of 
the immunosuppressive cytokine, TGF-p, was up-regulated. 
Similar results were obtained when the pattern of secreted 
cytokines was measured at the end of treatment with the CDR- 
based peptides, The immunomodulation of cytokine secretion 
by the CDR-based peptides appears to be specific, because 
peptides with the reversed sequence of the CDR-based 
peptides did not affect significantly the secretion of the tested 
cytokines. A down -regulation of 5-10% in the secretion of tFN- 
7, \L-2, IL-4 and IL-10 could be observed tn supernatants of 
splenocytes taken from mice treated with the relevant 
reversed peptides. Occasionally treatment with the reversed 
peptides resulted in an increased production (by up to 20%) of 
the later cytokines as compared to the levels of cytokines in 
supernatants of splenocytes of untreated (NZB x NZW)Fi 
mice. Further, no significant increase in active TGF-p levels 
could be determined in supernatants of splenocytes of mice 
that were treated with the reversed peptides. It is noteworthy 
that in most cases the levels of the T^l - and Th2-type cytokines 
were immunomodulated by the CDR-based peptides to levels 
measured in young (2-month-old) mice with no symptoms of 
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the SLE-like disease. Thus leveis of 652, 630, 142 and 1124 
pg/ml of IL-2. IFN-7, IL-4 and IL-IO respectively were meas- 
ured in supernatants of Con A-activated spSenocytes of 2- 
nnonlh-old (NZB X NZW)Fi mice. These levels are very similar 
to those determined in supernatants of splenocytes taken from 
mice that were treated with the CDR-based peptides (Fig, 4). It 
should be noted that treatment with the CDR-based peptides 
up-regulated the secretion TGF-p to levels higher than those 
secreted by splenocytes of young mice, Intracetluiar staining 
of splenocytes of untreated and CDR-based peptide-treated 
mice revealed also a reduction in the number of cells 
expressing the various cytokines. Hence, a reduction of 40% 
in intracellular IL-2 was observed in splenocytes of both 
pCDRV and pGDR3-treated mice. A 17 and 11% reduction in 
intracellular IFN-y was observed for pCDRI- and pCDR3- 
treated mice respectively, and a reduction of 40 and 30% for 
intracellular IL-4 and iL-10 respectively could be demon- 
strated for splenocytes of mice treated with either CDR-based 
peptide as compared to cells of untreated mice. Thus, 
treatment of (NZB x NZW)Fi mice with the CDR-based 
peptides down-reguiates the secretion of the Th1- and Th2- 
type cytokines, and up-regulates the secretion of the 
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Fig. 5. Levels of TGF-p secreted by spleen cells of young (NZB x 
NZW)Fi mice treated with the CDR-based peptides, before being 
adoptively transferred into S-month-old diseased mice. Two-month- 
old (NZB X NZW)Fi mice were treated 3 times (every other day) 
with pCDR1, pCDR3 or reversed pCDRL 300 iig/nrvouse given s.c. 
in PBS. Mice were then sacrificed and the levels of active TGF-p 
secreted by their Con A-stimulated splenocytes were measured by 
ELISA. Summary of results of two experiments. *P = 0,0243. **P - 
0.0319, ***P = 0.0987 as compared with the non-treated group. 



immunosuppressive cytokine, TGF-p. These results were 
reproducible in two independent experiments. 

Amelioration of the clinical manifestations of (NZB X 
NZW)Fj mice by spfenocytes of young mice ttsat were 
treated with the CDR-based peptides 
It was of interest to find out whether the beneficial effects of the 
treatment with the CDR-based peptides could be adoptively 
transferred with spienocytes of peptide-treated mice. To this 
end we treated 10-week-oid (NZB x NZW)Fi mice, s.c. 3 times 
every other day, with pCDR1 , pCDRS or reversed pCDR1 , 300 
|ig/mouse. At the end of this treatment the animals were 
sacrificed, and their splenocytes were either activated with 
Con A and tested for the secretion of the immunosuppressive 
cytokine TGF-p or injected i.p. (20 x 10^/ mouse) to respective 
groups of 8-month-old (NZB X NZW)Ft mice. Figure 5 shows 
that the secretion of TGF-p is significantly higher in the 
splenocytes of pCDR1 (P = 0.0243)- or pCDR3 (P 0.0319)- 
treated groups when compared with the control of untreated 
mice. TGF-p production by spleen cells from mice treated with 
reversed pCDR1 was not significantly different from that of 
control mice (P = 0.0987). Table 5 represents the clinical 
manifestations of the SLE-like disease in the old (NZB x 
NZW)Fi mice that were transferred with splenocytes from 
animals treated with the pCDR peptides. As shown in Table 5 
the transfer of splenocytes from pCDR1- and pCDR3-treated 
mice ameliorates significantly the kidney disease as mani- 
fested by proteinuria and the deposits of the immune 
comiplexes in the kidneys. This adoptive transfer of spleno- 
cytes from peptide-treated mice resulted in a moderate 
reduction in anti-dsDNA antibody titers (data not shown). 
Because the recipient mice were sacrificed ~3 weeks follow- 
ing cetl transfer, the effect of the inoculated cells on survival 
could not be determined in these experiments, Nevertheless, 
whereas in each experiment at least one mouse of the 
untreated group died before the end of the experiment, all 
the recipients of splenocytes of mice treated with the CDR- 
based peptides survived. Thus, beneficial effects of treatment 
With the CDR-based peptides can be transferred by spleno- 
cytes of peptide-treated mice. 



Discussion 

The main findings of the present report are that treatment of 
the lupus-like disease of (NZB x NZW)Fi mice, when clinical 



Table 5. Down-regulation of SLE clinical manifestation in (NZB x NZW)Fi mice by splenocytes of mice treated with the CDR- 
based peptides 



Group 


Treatment 


Proteinuria 


Immune complex 






(g/! ±SEM) 


deposits (± SEM) 


1 


20 X 10^ spleen cells from pCDRI -treated mice 


0.62 ± 0,2^ 


0.80 ± 0.2c 


2 


20 X 10^ spleen cells from pCDR3~treated mice 


1.18 :t 0,2'=' 


0.90 ± 0.3^ 


3 


20 X 10^ spleen cells from reversed pCDR1 -treated mice 


8.45 ± 3.4 


2,00 ± 0.2 



Spleen cells (20 x 10^) from (NZB x NZY\/)F, mice injected s.c. 3 times (every other day) with 300 M-Q/nnouse of pCDRI. pCDR3 and 
reversed pCDRl were transferred to groups of 10 (NZB x NZVV)F-, mice at the age of 8 months. Two weeks later proteinuria was measured 
and the immune complex deposits were assessed at sacrifice. 

a.bp ^ 0.04; ^^^P «s 0.02 as compared with the group treated with reversed pCDR-1 . 



symptoms were already developed, ameliorated disease 
manifestations in ail measured parameters. Moreover, some 
beneficial effects could be adoptively transferred into (NZB x 
NZW)Fi mice with the full-blown SLE-like disease by spleno- 
cytes of young (NZB x NZW)Fi mice that were treated with the 
CDR-based peptides. The observed benefits were associated 
with a down-regulation of IL-2, IFN-7, IL-4 and iL-iO, and an 
up-regulation in the production of the immunosuppressive 
cytokine, TGF-p. The elevated production of TGF-p was 
determined in splenocytes of mice treated with the 
CDR-based peptides that could transfer ameliorating effects 
of the peptides. 

AnthDNA antibodies play a central role in the diagnosis of 
SLE. Indeed, the most characteristic seroiogica! abnormaiity 
found in patients with SLE is the presence of anti-dsDNA 
antibodies (15,16), Anti-DNA antibodies are considered 
instrumental in the pathogenesis of the immune glomerulone- 
phritis in SLE in mice and in human patients (15). In (NZB x 
NZW)Fi mice as well as in other SLE models, the pathogenic 
anti-DNA antibodies were reported to be of the lgG2a and 
lgG3 isotypes (2.17,18). The latter compose the immune 
complexes that lead to glomerulonephritis. This kidney dis- 
ease is the major cause of death in SLE afflicted mice (2). 
indeed, our results demonstrate that mice treated with the 
pCDRI or pCDR3 had lower titers of anti-DNA antibodies of 
these pathogenic isotypes in their sera and less immune 
complex deposits of the latter isotypes in their kidneys, and a 
better survival rate. 

Most of the experimental protocols of the present report 
were not designed to compare mortaNty rates between the 
groups that were treated with the CDR-based peptides and 
the non-treated mice. Therefore, mice were sacrificed in most 
experiments at the age of 8 months, before death occurred. 
Nevertheless, when mice were treated for 1 0 weeks starting at 
the age of 7 months, it could be seen that mortality was 
significantly lower in the pepttde-treated groups (Table 4). The 
higher survival rate could be attributed to the amelioration in 
the renai disease that has a central role in disease course in 
animal and human SLE. 

The use of peptides for treating the lupus-like disease of (NZ3 
X NZW)Fi mice has been recently reported by other laborator- 
ies as well. Most of the studies report the successful prevention 
of SLE manifestations as we have previously reported (1 1 ) and 
nottreatment of an already existing disease. Thus, injection of a 
peptide based on the CDR3 of an anti-DNA antibody from naive 
BALB/c mice to (NZB x NZW)Fi mice, at the age of 2 months, 
resu Ited in a delay in mortality rate and onset of proteinuria (19). 
Further, induction of tolerance in young (NZB x NZW)Fi mice by 
i.v. injections of peptides derived from the heavy chain variable 
(Vh) regions of anti-DNA autoantibodies postponed the devel- 
opment of the SLE-like disease in these mice (20). Peptides 
based on a nephr itogenic ( R4A) anti-DNA antibody v^ere shown 
to protect mice from renal deposition of anti-DNA antibodies 
(21). In agreement with our present study demonstrating the 
beneficial effects of treatment with the CDR-based peptides on 
an already established SLE, Kaliyaperumal et al. (22) reported 
the effectiveness of treatment with nucleosomal histone pep- 
tides not only in delaying the onset of disease, but also in halting 
the progression of an established renal disease in (SWR x 
NZB)Fi lupus-prone mice. Further, treatment with a peptide 
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['consensus peptide' (pCONS)] based on an algorithm that- 
defines the T cell stimulatory amino acid sequences from the Vh 
regions of multiple (NZB x NZW)Fi IgG antibodies to DNA was 
effective when given to diseased mice (23). Hence, the 
reported, as well as our. findings support the crucial effect of 
heavy chain variable region derived peptides in the modulation 
of murine lupus. 

Cytokines have been suggested to play an important roie in 
the immune dysregulation observed in lupus-prone mice and 
in SLE patients (14,24). Treatment with the CDR-based 
peptides reduced the levels of IL-2 and IFN-y. While the rote 
of IL-2 in SLE has not been conclusively determined (14), the 
role of IFN-7 in the pathogenesis of lupus has been consist- 
ently reported. Thus, treatment of (NZB x NZW)Fi mice with 
IFN-y accelerated disease, whereas treatment with antl-IFN-y 
antibody (25) or soluble IFN-y receptor (26) delayed disease 
progression. A similar roie for IFN-y was reported for MRL-/pr/ 
Ipr mice in which deficiency of the IFN-y gene (27) or the IFN-y 
receptor gene (28) protected from disease development. We 
demonstrated that treatment with the CDR-based peptides 
dovv'n-pegulated IL-10 and IL-4 secretion, increased lL-10 
production has been reported in all SLE-prone mice (14) and 
treatment with IL-10 acceferated disease manifestations, 
whereas administration of anti-IL-10 delayed onset of SLE 
(29), As for IL-4, it has been reported that transfer of IL-4- 
stimulated splenocytes into syngeneic recipients increased 
anti-DNA production, and administration of anti-iL-4 inhibited 
the autoantibody production and prevented glomerulonephri- 
tis (14). Hahn et al. (23) demonstrated significantly lower levels 
of IFN-y and iL-4 in plasma of (NZB x N2W)Fi treated with 
pCONS as compared to plasma of saline-treated mice, 
suppofttng the results of the present report. In contrast to 
the reduced production of the above cytokines following 
treatment with the CDR-based peptides, treatment with either 
pCDRI or pCDR3 resulted in the secretion of elevated levels of 
the immunosuppressive cytokine, TGF-p. In agreement, it has 
been reported that injection of a TGF-p cDNA expression 
vector into the skeletal muscle of the lupus-prone hAHL-lpr/lpr 
mice decreased autoantibody production (30). Furthermore, 
Infection of (NZB x N2W)Fi mice with Plasmodium chabaudi 
led to an imiprovement in the clinical lupus-like symptoms of 
the mice. The latter was associated with an increased mRNA 
expression of TGF-(i (31). Both constitutive and stimulated 
levels of TGF-(3 are lower in patients with SLE, and the high IgG 
production is attributed, in part, to low levels of TGF-p (32). The 
ability of splenocytes of young (NZB x NZW)F-} mice that were 
treated with the CDR-based peptides to adoptively transfer 
their capacity to down-regulate SLE manifestations (Table 5) 
suggests that one of the mechanisms by which the peptides 
exert their ameliorating effects is the induction of an 
immunosuppresive response mediated by regulatory cells 
(33) and/or by immunosuppresive cytokines like TGF-p. As a 
result of that, the secretion of cytokines supporting SLE- 
assocfated autoimmune responses is actively suppressed. 
Indeed, splenocytes of mice that were treated with the CDR- 
based peptides were shown to secrete elevated levels of TGF- 
P(Fig.5). 

Taking together, the reported results indicate that a 
relatively short course of treatment with the CDR-based 
peptides ameliorates the clinical manifestations of an estab- 
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iished SLE in (NZB x NZW)Ft mice. The treatment with the 
peptides was shovvn to be effective In SLE-prone mice [(11) 
and this report] as well as in a model of induced experimental 
SLE (9). Thus, the peptides pCDR1 and pCDR3 might be 
potential candidates for the treatment of human SLE. 
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CDR complementarity-determining region 

Con A concanavalin A 

pCDR peptide based on CDR 

SLE systemic lupus erythematosus 
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